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ABSTRACT 
Role of AM fungi in the management of root-lcnot nematode 
Meloidogyne incognita on tomato. 
Arbuscular myconfaizal (AM) fungi form a perfect symbiosis with their 
host by colonizing the cortical regions of feeder roots both inter-, and 
intracellularly and are found to have this association with about 90% of the 
economically important vascular plants. The presence of chlamydospores and 
arbuscules is the diagnostic criterion for identifying AM fungi in a root. 
Mycorrhizal fungi actively help the host in absorbing nutrients, especially 
phosphorus and thereby promote the plant growth and health. They also improve 
the uptake of minor elements like zinc and copper, as well as water and thus 
enhance drought resistance and subside the condition of low fertility. AM fungi 
share the common association with plant parasitic nematode in the rhizosphere of 
plant, and may increase resistance to certain root infecting pathogens. 
Concomitant colonization and infection of roots by AM fungi, pathogen and other 
microbes inevitably interfere with each other's sphere of influence, and are of 
great importance in the biocontrol of plant pathogens. At the moment there is 
only one opportunistic fungus viz. Paecilomyces lilacinus which is marketed as 
commercial product with trade name as "Bicon" in Philippines. Besides, there are 
two other formulations, "Royal 300" and "Royal 350" of a nematode-trapping 
fungus, Arthrobotrys robusta prepared in France. Royal 300 is used for 
controlling a nematode Ditylenchus myceliophagus infecting mushrooms, and 
'Royal 350' control root-knot nematodes. Although some chemical 
pesticides/fungicides are known to be highly effective and prompt in controlling 
various diseases and pests, these are sometimes found to have harmful impact on 
non-target microbes, plants, animals, soil, environment and also on man. Hence 
biological control is gaining importance despite their limited success and various 
disadvantages. 
The present study determines the role of AM fungi on root-knot nematode 
and resulting influences on plant growth. The impact of AM fungi along with a 
biocontrol agent, Paecilomyces lilacinus on the root-knot disease was studied. In 
addition, the impact of AM fungi and nitrogen, phosphorus and potassium on the 
root-knot nematode and plant growth was studied. Major part of the study was 
conducted under glasshouse conditions. Of six different AM fungi Glomus 
mosseae, G. fasciculatum, G. constrictum, G. aggregatum, Acaulospora 
scrobiculata, Gigaspora gigantea tried, G. mosseae was selected as efficient AM 
fungus for the host plant (tomato) on the basis of overall performance and used for 
the control of root-knot nematode in further study. Tomato {Lycopersicon 
esculentum Mill) var. Pusa Ruby was selected as test plant and root-knot 
nematode Meloidogyne incognita as the test pathogen for the study. 
Effects of G. mosseae and M. incognita interactions were determined on 
the basis of plant growth characteristics (shoot, root and total length, fresh and dr> 
weight) nutrient status (per cent N, P and K contents) of the plants, 
mycorrhization (percentage external and intmal root colonization, per cent 
arbuscules, average number of chlamydospore in 1 cm root segment, and number 
of spores recovered from 100 g dry riiizosphere soil/pot) root-knot disease 
(number of galls/root system, number of egg masses/root system, fecundity 
nematode population in soil and root) morphometries of root-knot nematode 
females and re-isolation of P. lilacinus from eggs and females of A/, incognita. A 
preliminary survey of Aligarh District (U. P.) India, was carried out to judge the 
mycorrhizal status of some commonly cultivated crops at four different sites. The 
results of the study are given below in brief 
I. Status of arbuscular mycorrhizal fungi (AMF), characterization of soil, 
spore population of AMF in soil and root colonization of some commonly 
cultivated crops in Aligarh District- a survey 
Arbuscular mycorrhizal fungi (AMF) spore population and per cent root 
colonization was assessed in commonly cultivated crops of Aligarh District like 
chickpea, mungbean, brinjal, tomato, wheat, chilli and maize to determine the AM 
status. Most of the plants in all the sites were mycorrhizal. Highest AMF spore 
population and per cent root colonization was found at the site Baderbagh 
followed by AtroU, Shahjmal and Kasimpur. 
In all, three genera of AM fungi viz., Glomus, Acaulaspora and Gigaspora 
were identified. Glomus was the predominant genus and showed high frequency 
of occurrence at all the sites investigated. Mixed population with great diversity 
in AM spore types and presence of arbuscules inside the roots were observed. 
There was no specification between cultivated crops and the AM fungi, as the 
spore number in soil collected from rhizosphere of the plants during different 
crops varied at different sites but AM fungi preferred diilli and maize crops 
compared to otho- as evidenced by rich colonization of these crops at all sites. 
The soil collected from the various sites were alkaline in nature with narrow range 
in pH (7.8-8.7). No definite relationship was observed between mycorrhizal 
infection and ed£4)hi(; factors. The results of this study onphasize the need to 
assess the status of aibuscular mycorrhizal association of crop plants from 
different micro-ecosystems to understand their mycorrhizal status. 
II. Comparative efficacy of different arbuscular mycorrliizal fungal species 
(AMF) on tomato {Lycopersicon esculentum Mill.). 
A study was conducted to screen and select potential arbuscular 
mycorrhizal fungi (AMF) for tomato, var. Pusa Ruby in sandy clay loam soil of 
Aligarh, India. Six different AMF were evaluated for their efficacy in terms of 
plant growth, N, P and K content of the plant and mycorrhization. Interaction 
with AMF species resulted in higher plant growth parameters (root and shoot 
biomass) and nutrient contents (per cent N, P and K). Measurements of plants, 
harvested at 20, 40 and 60 days of sampling stages after inoculation showed per 
cent increase in external and internal colonization, per cent arbuscules in roots and 
number of chlamydospores per 100 g rhizosphere soil. Lycopersicon esculentum 
Mill, responded to its best to inoculation with Glomus mosseae, followed by G. 
constrictum, G. fasciculatum. G. aggregatum, Acaulospora scrobiculata and 
Gigaspora gigantea in terms of plant fresh and dry weights, mycorriiizal 
colonization, sporulation and nitrogen, phosphorus and potassium content. Out of 
six AM fungi screened G. mosseae found to be the most efficacious AM fungi for 
tomato var. Pusa Ruby which can be used as biofertilizer and potential biocontrol 
agent. 
III. EfTect of AM fungus, Glomus mosseae and a root-knot nematode, 
Meloidogyne incognita on growth and development of tomato. 
hioculation of tomato {Lycopersicon esculentum Mill.) was performed at 
the time of transplanting, with G. mosseae spore concentration of 0, 150, 300, 
600,1200 and 2400 chlamydospores/plant and Meloidogyne incognita levels of 0, 
250, 500, 1000, 2000, 4000 and 8000 freshly hatched second stage juveniles (J^ ) 
per plant. Observations were recorded on the interaction of nematode and 
endomycorrhizal fungus and on their population dynamics and plant growth. 
Plant growth (length, fresh and dry weights of shoot, root and total plant) 
and nutrient status (per cent N, P and K) showed an increase in the presence of G. 
mosseae. There was a significant increase in the plant growth, with increasing 
level of spore concentration from 150 spores/plant and above. The improvement 
in plant growth parameters occurred proportional to the spore levels with the 
maximum total plant length (50.77%) fresh weight (77.56%) and dry weight 
(83.11%), occurring with the highest level of spores (2400 level). 
M. incognita suppressed all the considered growth parameters significantly 
as the inoculum levels increased from 250 Jj per plant and above, with maximum 
occurring at 8000 Jj levels. In concomitant culture, the adverse effect of nematode 
was nullified by the AM fungus. At all the lower levels of G. mosseae, the 
adverse effect of M incognita was more obvious but became obscure with the 
increasing spore concentration. Total plant length recorded the highest increase 
(31.38%) at 1200 spores/plant level, while plant fresh and dry weights exhibited 
their maximum enhancement (45.76% and 49.69%) at 2400 spore level. M. 
incognita did not significantly affect the nutrient status of plant at the different 
inoculum levels. The N and P contents increased significantly when spore 
concentration of G. mosseae was kept at 300 and above per plant, while K content 
improved to significant extent only when spore density was 600 and above. 
The mycorrhization (percentage external and internal colonization, 
arbuscules per cent and average number of chlamydospores per centimeter root 
length) was suppressed in the presence of M. incognita, particularly at higher 
inoculum levels (4000 and 8000 Jj / plant). Root-knot disease was suppressed and 
nematode population in soil was significantly reduced in the presence of AM 
fungus. In general, the highest reduction of nematode population in roots. 
(92.62%), egg masses per root system (97.13%), fecundity (19.06%) and root 
galling per root system (93.73%) was recorded at the highest (2400) spore 
concentration. At the highest level of spores both external and internal 
colonization, per cent arbuscules were, 63.1, 45.9, 40.9 per cent and number of 
chlamydospores/cm root length was 26.1, with spore density 710/lOOg soil. 
The symbiont also caused suppression in morphometric parameters 
of the M. incognita females, except stylet length. Inoculation of G. mosseae at the 
rate of 1200 spores/plant caused maximum reduction amounting to 26.59, 33.48. 
19.86 and 31.97 per cent in body length, body width, neck length and neck width 
of the females respectively. The higher spore concentrations (1200 and 
2400/plant) were found to be more siq>pressive on the development of the above 
parameters. 
This study revealed that AM fungus can influence the 
pathogenesis, host-parasite relationship, and root-knot disease development and 
morphometries of the root-knot nematodes and can prove to be beneficial to the 
host by promoting its growth and nutrioit status, as well as providing protection to 
it from M. incognita 
IV. Effect of N, P and K fertilizers and Glomus mosseae on Meloidogyne 
incognita infestation on tomato. 
The influence of AM fungus and N, P and K fertilizers on penetration, 
development and reproduction by Meloidogyne incognita on tomato were studied 
in glasshouse with the objective to examine colonization of tomato, roots at a 
range of N, P and K levels. The following observations made: 
In the first experiment, conducted under P and K limiting conditions, all 
the plants grew poorly in soil not amended with N, regardless of mycorrhizal and 
nematode status. Plant growth (root, shoot and total length, fresh and dry \\ eights) 
increased significantly with the addition of N over the control particularly at 
higher N levels. Meloidogyne incognita significantly suppressed the growth of 
host and in contrast Glomus mosseae significantly increased plant growth even in 
the presence of A/, incognita. The interaction effect was found to be significant. 
The control plants required 600 mg N/Kg soil to attain the maximum growth 
whereas in mycorrhizal plants the N requirement is reduced to 300 mg N/Kg soil. 
The nitrogen, phosphorus and potassium content of the control plants increased as 
soil N levels increased from 0 to 1200 mg/Kg soil. The N content exhibited 
significant increase with N levels above 300 mg/Kg soil whereas P and K contents 
were increased significantly only in 1200 mg N/Kg soil treatment. M. incognita 
suppressed P and K contents, while G. mosseae improved their contents. Nutrient 
contents in plants across different N levels were not significantly influenced by G. 
mosseae and M. incognita. G. mosseae suppressed root-knot disease 
development. 
The plant grown in a soil amended with higher nitrogen levels (600 and 
1200 mg/Kg soil) showed reduction in all the considered root-knot disease 
parameters except nematode population in soil and egg mass production. In soil 
amended with different nitrogen levels, root-knot disease parameters were not 
significantly affected by the G. mosseae. Morphometries of M incognita females 
were reduced by G. mosseae but not influenced by N levels. 
In the second experiment, the plant growth was significantly increased at 
125 mg P/Kg soil and above, the maximum occurring at 500 mg P/Kg soil level. 
In plants treated with P, the plant growth was enhanced in the presence of G. 
mosseae but suppressed in M incognita presence. At a given soil P level the 
requirement of P was less under G. mosseae and in combination of G. mosseae + 
M. incognita (125 mg P/Kg soil). Out of the three elements (N, P and K), only the 
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P content in plants increased due to P application which was not significantly 
influenced by G. mosseae, M. incognita and phosphorus interaction. 
The rate of mycorrhization in terms of internal colonization percentage, 
number of chlamydospores in one cm root segment and number of spores in 100 g 
rhizosphere soil/pot was not influenced by the given soil P levels. The external 
colonization percentage and arbuscules per cent increased at the lower level of P 
(125 mg/Kg). 
Amendment of soil with P levels had no effect on Af. incognita population 
in soil and root and egg mass production. The fecundity of the nematode was 
significantly increased by higher soil P application. The root galling was 
significantly reduced at 125 mg P/Kg soil. The root-knot disease parameters on 
mycorrhizal plants was not influenced by P levels. G. mosseae suppressed all the 
considered root-knot disease parameters regardless of P levels. P levels had no 
effect on the morphometric parameters of M. incognita females. The interaction 
effect was found to be non-significant. 
In third experiment conducted under N-P-limiting condition, addition of K 
increased plant growth, the maximum occurring at 800 mg K/Kg soil level in the 
control plants. In the mycorrhizal plants K application caused favourable effect 
on plant growth. The requirement of K is reduced in the mycorrhizal plants as the 
growth was significantly increased at the lower level (200 mg K/Kg soil) of K 
compared to non-mycorrhizal plants (800mg K/Kg soil). 
M. incognita drastically reduced the plant growth parameters. G. mosseae 
significantly increased the growth of host plants irrespective of presence or 
absence of M incognita. Application of K did not improve the growth in the 
presence of M incognita. Application of K did not significantly affect the N and 
P contents of plant but the K content was increased with the maximum at higher 
levels of K (400 and 800 mg K/Kg soil). The G. mosseae improved P content 
significantly compared to control and K content comparable to M. incognita 
treatments. The mycorrhizal infection of G. mosseae, root-knot disease and 
morphometries of the M. incognita were not significantly influenced by the all 
applied K fertilizer levels. 
In the last experiment, it was found that M. incognita caused suppression 
in plant growth (shoot, root and total lengths, fresh and dry weights) compared to 
control. G. mosseae irrespective of the presence or absence of M incognita 
significantly enhanced plant growth. Among the nitrogen (Urea) phosphorus 
(Single super phosphate) and potassium (Murate of potash) fertilizers applied (at 
recommended dose, selected from experiments IV A, B and C) singly or 
incombinations showed that application of all three fertilizers in combination 
caused maximum improvement in plant growth compared to one which received 
only one or two fertilizer. The effect of fertilizers was more obvious in the 
mycorrhizal plants in the absence or presence of root-knot nematode compared to 
control. The N, P and K content of the plants were reduced by M. incognita, 
while G. mosseae improved all the three nutrient contents. A particular nutrient 
content in the plant increased with inclusion of that element in fertilizer dose. 
Inoculation of A/, incognita caused significant reduction in arbuscules per cent and 
sporulation in soil but other mycorrhization parameters were not influenced 
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significantly. Mycorrhization increased, when all the three fertilizers (N+P+K) 
were used in combination. The mycorrhization parameters increased in the 
presence of P. 
All the root-knot disease parameters were reduced in the mycorrhizal 
plants. The maximum reduction was recorded in the root-knot disease 
development parameters by ^plication of all the three fertilizers in combination 
in both myconhizal and non-mycorrhizal plants followed by the treatment where 
both N and K were applied together. Application of single fertilizer did not have 
much effect on root-knot disease caused by M. incognita. Morphometric 
parameters showed poor performance in the presence of G. mosseae. The 
minimum body length and width and neck length were recorded in M. incognita 
females with the application of all three fertilizers in combination. All the other 
parameters employed were found to be unaffected by the fertilizers. 
The present investigation reveals that N, P and K alone or in combination 
can influence the pathogencity, host-endophyte relationship and alter the root-knot 
nematode infestation on tomato, more than G. mosseae. Mycorrhizal inoculation 
increased the plant growth and nutrient status particularly at the lower levels of N, 
P and K i.e., N=300 mg/Kg soil, P=125 mg/Kg soil and K=200 mg/Kg soil. The 
inoculation of efficient AM fungus would be extremely useful in lower N, P and 
K levels particularly in P deficient soils. The combined dose of N, P and K plants 
benefited the most from mycorrhizal association and provided dramatic protection 
against root-knot disease caused by M. incognita suggesting that a balance 
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between soil N, P and K levels was equally important for improving the growth 
of mycorrhizal plants and in providing protection against root-knot disease. 
V. Interaction of the AM fungus, Glomus mosseae, a biocontrol agent, 
Paecilomyces lilacinus and the root-knot nematode Meloidogyne incognita on 
tomato. 
Arbuscular mycorrhizal fungus. Glomus mosseae and a biocontrol agent 
Paecilomyces lilacinus were used for the management of root-knot disease caused 
by Meloidogyne incognita on Lycopersicon esculentum (Mill.) var. Pusa Ruby. 
The following observations were made:-
M. incognita caused stunting and chlorosis of the tomato plants. Non -
mycorrhizal plants developed the symptoms earlier than mycorrhizal ones or the 
plant inoculated with P. lilacinus. Plant growth and nutrient status showed an 
increase in the presence of G. mosseae and P. lilacinus, although P. lilacinus 
supported to a lesser extent compared to G. mosseae. Inoculation of plants with 
M. incognita suppressed the growth and nutrient status of the host to a 
considerable extent. Inoculation of management agents prior to nematode or in 
simultaneous inoculation of all the three organisms proved better in grov^h and 
nutrient parameters than those inoculated 15 days after root-knot nematode. 
Inoculation of M incognita had a negative effect on mycorrhization by G. 
mosseae. The external and internal colonization percentage, arbuscules per cent, 
average number of chlamydospores per root length as well as the number of 
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spores per 100 g rhizosphere soil showed a insignificant decline. Presence of P. 
lilacinus produced favourable effect on mycorrhization efficiency and it was more 
pronounced when plants were inoculated with G. mosseae prior to M. incognita 
compared to those inoculated 15 days after the inoculation of root-knot nematode. 
Root-knot disease was suppressed in the presence of AM fungus and a 
biocontrol agent. Both management organisms, i.e., G. mosseae and P. lilacinus 
caused reduction in all the morphometric parameters of M. incognita females, 
except stylet length. P. lilacinus caused greater reduction in nematode population 
both in soil and root and fecundity, than in the egg mass production and root 
galling compared to G. mosseae, while the application of both the agents 
simultaneously caused the highest reduction of nematode population in root, egg 
mass production and root galling. Inoculation of P. lilacinus prior to M. incognita 
caused greater parasitism of females and eggs of nematode by the fungus than the 
inoculation of P. lilacinus after M incognita. The presence of G. mosseae 
favourably increased the parasatization of M. incognita eggs and females by P. 
lilacinus. 
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IlTRODUCTIOl 
INTRODUCTION 
The greatest challenge facing mankind in the 21 century is to 
produce the basic necessities of food, fiber, fuel and raw materials from 
0.14 hectares or less land per capita. The most significant change in the 
field of international crop protection research during the past 10-15 years 
is to put emphasis on non-conventional methods of crop protection 
instead of the conventional use of hazardous chemical pesticides or time 
consuming plant breeding technology. Exploitation of microbes (i.e. 
fungi, bacteria and viruses) in crop protection appears to be one of the 
safer and lasting methods of crop disease management. Agriculture is 
one of the major sectors of the Indian economy; 70% of the population is 
dependent upon it for their livelihood and contributes over 40% of gross 
national production. Polyphagous destructive nematode pests have 
become one of the big constraints in the production of commercial crops. 
In Inida, the importance of the nematodes as a constraint to successful 
crop production was first realised with discovery of prevalence of the cyst 
nematodes on wheat (Vasudeva, 1958) and potato (Jones, 1961). Since 
then, a number of nematode problems of national importance have 
emerged. Root -knot nematodes are prevalent in 90 % of agricultural 
crops and are considered to be the number one problem. Cyst forming 
nematodes are restricted to wheat, barley, rice, maize, sorghum, potato 
and pulses. Reniform and lesion nematodes are associated with wide 
range of agricultural crops. Burrowing, citrus, wheat gall, rice and 
mushroom nematodes are major constraints on regional basis. These 
nematode pests have assumed damaging role on a wide range of crops, 
comprising cereals, vegetables, fruits, pulses, oilseeds, fiber, plantation, 
spices, horticulture, medicinal, aromatic, ornamental and forest crops. 
Root-knot nematodes are a major threat in the production of various 
crops, widely distributed in all over the country. Root-knot nematodes 
{Meloidogyne species) attack several kinds of crops all over the world and 
cause enormous crop damage (Sasser, 1980). Tomato, Lycopersicon 
esculentum Mill, is an important vegetable crop and its cultivation is 
worldwide. In India, the cultivation of tomato is on commercial scale. 
Fresh ripe fruits are refreshing and appetizing. Tomatoes are consumed 
in the form of juice, paste, ketchup, puree, soup and powder. Ripe 
tomatoes contain glucose and fructose as principal sugars. The fruits 
contain essential amino acids except tryptophan. Citric acid and malic 
acid also occur in tomato in appreciable amounts. Tomatoes contain a 
gluco-alkaloid tomatine which is used as precipitating agent for 
cholesterol. There are several constraints for the successful cultivation of 
tomato, out of which nematode alone causes about 20.6% world wide 
yield loss (Sasser, 1989). Reduction in yields due to Meloidogyne species 
is reported to range from 26.5 to 73.3 % in tomato Seshadri (1970) while 
Bhatti and Jain (1977) observed a loss of 46 % yield in tomato due to 
root-knot nematodes in India, whereas Reddy (1985) in his crop loss 
assessment study reported 39.77% yield loss of tomato at a population of 
20 larvae of root-knot nematode per gram of soil. Similarly, 
Subramaniyan et al. (1990) reported 42.05-54.42 % yield loss due to 
Meloidogyne incognita. Jain et al. (1994) reported 47.3-71.9 % avoidable 
yield loss due to M. javanica and M. incognita respectively. 
So far, limited importance has been placed on the management of 
nematodes by non-chemical approaches to plant disease control, while 
much attention has been devoted to the use of different nematicides. 
Large number of once effective chemicals have become ineffective due to 
resistance by pathogen (Ogawa et al., 1977, Delp, 1980). Other 
chemicals have been banned recently because of environmental hazards 
(Anonymous, 1987). There are few adequate fungicide replacements 
when pathogen develop resistance. The general awareness about the level 
of environmental hazards due to frequent and extensive use of toxic 
pesticides, gave impetus to search for alternative methods of nematode 
management. Weller (1988) reported that the microorganisms present in 
the rhizosphere provides a front line defense for root pathogen attack. 
Following this, biological control as an alternative to chemical control of 
plant pathogens has generated much interest in recent years (Baker and 
Cook, 1974; Cook and Baker, 1983; Blakeman and Fokkema, 1982; 
Schroth and Hancock, 1981; Vidaver, 1982). However, despite this wide 
interest, only a few biocontrol products are commercially available at 
present (Upadhyay and Rai, 1988). Of the various microorganisms 
present in the rhizosphere, Arbuscular mycorrhizal (AM) fungi, 
nematophagous fungus Paecilomyces lilacinus and some bacteria are 
noteworthy. 
Arbuscular mycorrhizal (AM) fungi or Endomycorrhizae develop a 
perfect symbiosis by which both the plant and fungus are benefited. 
Endomycorrhizae have often been referred to as vesicular-arbuscular 
mycorrhizae (VAM) as some of these fungi are characterized by the 
presence of two specialized structures, vesicles and dichotomously 
branched haustoria within the host cells called arbuscules. Arbuscules are 
formed intracellularly as internal mycelial structures which penetrate 
mechanically and enzymatically into cortical cells in the form of highly 
ramified aborescences within a few days of infection. Bifurcated 
arbuscules hyphae are enveloped by host derived encasement layer and 
continuously invaginate host plasmalemma and form a wide contact 
between the two symbionts but are short-lived and can be digested with in 
few days after formation of host vesicles. The so-called vesicles have 
now been termed chlamydospores (Mehrotra, 1993; Mehrotra and Baijal, 
1994, Wu, et al., 1995). A second type of structure, which have swollen 
thick walled appearance are also produced by internal mycelium 
intercellularly. They can act as infective propagules and remain viable 
for long periods (Biermann and Linderman, 1983; Diop et al., 1994) and 
are known to absorb and release phosphorus in the process of transfer 
between the symbionts. The plant provides the fungus with carbohydrates 
and this has been substantiated by using labelled '^COj. 
Arbuscular mycorrhizae (AM) increase the plants ability to absorb 
phosphorus, minor elements, translocate certain mineral elements and 
water (Hayman, 1982; Ratnnayake et al., 1978). They are also known to 
reduce damage caused by pathogen (Dehne and Schoenbeck, 1975; 
Bagyaraj et al., 1979; Hussey and Roncadori, 1982; Sitaramaiah and 
Sikora, 1982; Smith, 1987). Increased flow of nutrients was observed in 
mycorrhizal plants which impart mechanical strength to the host. AM 
fungi improve plant growth, control root pathogens, increase nutrient 
uptake and hormone production, have greater ability to withstand water 
stress, and are potential means of management of waste lands. 
The fungus, Paecilomyces lilacinus (Thom) Samson, has been 
found to be a potential biocontrol agent for reducing root-knot nematode 
population on various crops (Jatala et al., 1980; Jatala, 1983; Roman and 
Rodriguez-Marcano, 1985; Dube and Smart, 1987; Cabanillas and Barker 
1989; Cabanillas et al., 1989), Globodera rostochiensis on potato (Davide 
and Zorilla, 1983; Anonymous, 1988; Saifullah et al., 1988; Sosamma et 
al., 1994) and Meloidogyne incognita and Fusarium udum disease 
complex on chickpea (Siddiqui and Mahmood, 1995a). The 
hyphomycetous fungus P. lilacinus is an effective egg parasite of root-
knot nematodes (Jatala et al., 1979 and 1980; Sayre, 1986) and provide 
high protective ability to tomato plants against Meloidogyne incognita 
(Cabanillas and Barker, 1989). The increase in the effectiveness of P. 
lilacinus against M. incognita can be attributed due to the fact that the 
fungus occupies the niche before nematode attack and thereby hinders 
their (nematodes) establishment (Saikia and Roy, 1994). 
Complementary use of available renewable sources of plant 
nutrients (organicA)iological) along with mineral fertilizers is of great 
importance for the maintenance of soil productivity. Use of microbial 
inoculants seems to be a better alternative to achieve the objective of 
management of root-knot disease and improvement of plant growth, 
which at present seems to be practically demanding in view of the greater 
awareness of healthy environment. 
Keeping in view of the above, the present study on tomato plant 
was undertaken to explore the possibility of giving an effective biocontrol 
to nematode diseases by microbial exploitation. 
The present work consists of the following aspects: 
1. A survey of some cultivated crops of Aligarh district, to determine the 
frequency of occurrence and distribution of AM fungi. 
2. Collection of AM fungi from agricultural fields and their 
multiplication by single spore inoculation technique and maintenance 
of pure culture under pot condition. 
3. Screening for comparative efficacy of different species of AM fungi to 
determine the efficient AM inoculant for tomato in sterilized soil under 
glasshouse conditions. 
4. Efficient strain of AM fungus {Glomus mosseae) was tested alone and 
in various combination with Meloidogyne incognita on tomato (var. 
Pusa Ruby). 
5. Effect of different levels of nitrogen, phosphorous and potassium in the 
absence and presence of G. mosseae on the root-knot nematode, M. 
incognita multiplication and growth of tomato. 
6. Effect of pre-, post-, and simultaneous inoculation of AM fungus G. 
mosseae and a biocontrol agent, Paecilomyces lilacinus on root-knot 
nematode, M. incognita and plant growth. 
The thesis is written in five separate sections each with 
independent introduction, materials and methods, results, discussion and 
summary. A general introduction and literature review, are given in the 
beginning and literature cited concentrated at the end of the thesis. An 
appendices of ANOVA models is given after the literature cited section. 
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REVIEW OF LITERATURE 
Several reviews have already been published on Arbuscular 
Mycorrhizal Fungi (AMF) in recent past (Jalali et al. 1991; Wellings et 
al. 1991; Price et al. 1995; Siddiqui and Mahmood, 1995b). However, 
the recent workers dealing with the interaction of these organisms with 
nematodes are isolated and is completely lacking in Indian context. It is, 
therefore, considered desirable to give a short review on this aspect. 
Arbuscular mycorrhizal fungi (AMF) as biofertilizer 
Much interest has been shown in the recent past on the root-fungus 
association and the possible beneficial role of fungal mycelia which often 
mantle plant roots. This was brought about for the first time in 1842 and 
was called mycorrhizae by Frank, (1885). The importance of AMF as a 
tool for improving the growth and productivity in diverse group of plants 
was recognized only after the work of Gerdemann (1968) and Mosse 
(1972). However, during last two decades a lot of information has been 
gathered about the taxonomy, ecology, physiology and anatomy of AM 
fungi and their relation with host especially with reference to uptake of 
phosphorus and also other minor nutrients, hormone production and root 
diseases (Gianinazzi et al., 1982; Harley and Smith, 1983; Gianinazzi and 
Gianinazzi-pearson, 1986; Grahm, 1988). Attempts have been made to 
cultivate them in artificial culture media and use them in different plant 
production system (Gianinazzi-pearson et al., 1984; Hall, 1988; 
Gianinazzi et al., 1990). 
AM fungi: distribution, taxonomy and structure 
AM fungi are not host specific but can exhibit certain preferences 
if screened against different plants and therefore, have a very wide host 
range. However, there are certain evidences which show that certain 
endophytes may form preferential associations with certain host plants 
(Mosse, 1977a). They are present in the soil in the form of 
chlamydospores, zygospores and azygospores (Trappe and Schenck, 
1982). 
AM fungi are presently included in the order Glomales of class 
Zygomycetes which encompasses the genera Glomus, Sclerocystis 
(Glomaceae), Acaulospora, Entrophospora (Acaulosporaceae), 
Gigaspora, Scutellospora (Gigasporaceae) ^Verma and Hock, 1995 and 
Morton and Benny, 1990). 
AM fungi are ubiquitous and have been recovered from the soils of 
a variety of habitats. AM fungi associations have been reported from 
plant colonizing overbumt soil at open cast coal mine site (Mehrotra, 
1995), alkaline soil (Pond et al. 1984; Poss et al. 1985), alkaline usar 
lands (Janardhanan et al, 1994)and acidic soils (Hayman, 1978). 
AM fungi develop association with nearly all cultivated plants 
whether they are agricultural, horticultural or fruit crops. There are about 
30,000 hosts in the world flora (Kendrick and Berch, 1985) and there are 
about 120 species of AM fungi which are common (Schenck and Perez, 
1987). Most of the tropical rain forest trees show mycorrhizal association 
(Janos, 1983). Barea et al. (1993) pointed out that indigenous and/or 
introduced vesicular arbuscular mycorrhizal fungi are involved in the 
development of different crop production system including field sown and 
plantation crops and transplantable horticultural plants. Important crops 
with arbuscular mycorrhizae include wheat, maize, all millets, potato, 
beans, soybeans, tomato, apples, orange, grapes, banana, castor, tobacco, 
tea, coffee, cocoa, sugarcane, mango, rubber, cardamom, pepper etc., 
(Bagyaraj, 1991). 
There are several reports of AM fungi from diverse habitats from 
world wide as well as from India (Godse et al., 1976; Bagyaraj et al., 
1979; Parvathi et al., 1984; Kehri et al., 1987; Chandra and Chatterjee, 
1989; Kehri and Chandra, 1990). In India studies on AMF were initiated 
in 1960's but substantial work on taxonomy, ecology and ultrastructure of 
AM fungi has been done in the last two decades. 
Anderson et al. (1984) studied the abundance and distribution of 
AM fungi. Plant cover, AM spore abundance, plant species richness and 
number of AM fungi represented as spores were positively correlated with 
each other and with per cent organic matter. The plant and AM spore 
variables were negatively correlated with soil pH and available Ca, Mg, P 
and gravimetric soil moisture. Stepwise multiple regression showed Ca 
to the best predictor of spore abundance. Schmidt and Scow (1986) found 
that AM fungi were present to varying degree in the roots of atleast some 
members of all plant communities sampled. Medina et al. (1988) 
observed that legume species differed in percentage root colonization and 
total spore density among locations. Mohankumar et al. (1988) revealed 
that most plants harboured AM fungi and soil temperature and moisture 
status influenced the infection. Kim et al. (1989) noted that out of 103 
plant species (41 families) collected from 2 limestone sites in Korea 
Republic, 98 species were associated with AM fungi. Rao et al. (1989) 
showed that all the 25 medicinal plants examined by him harboured AM 
fungi in their root system. Recently Hussain et al. (1995) have reported 
that high AM infection has been observed in the roots of 14 hydrophytes 
and suggested that high AM colonization in plant root is due to the 
availability of oxygen either from atmospheric dissolution in the running 
water or by radial release from aerenchymatous tissues of the 
hydrophytes. AM fungi have also been reported from the species of 
angiosperms and Pteridophytes by Ragupathy and Mahadevan (1993). 
Venkataramanan et al. (1990) has given qualitative and quantitative 
distribution of AM spores in soil samples from Indian habitats viz., 
Assam, Arunachal Pradesh, Manipur, Mizorum and Nagaland. The 
highest counts are made in the plains of Assam while hilly soil contains 
fewer spores and those from Mizorum none. The most aboundent species 
are found to be Scutellospora nigra, Sclerocystis rubriformis and Glomus 
macrocarpus {Glomus macrocarpum). They suggested that inoculation 
trials in hilly areas with AM fungi will prove beneficial to crops such as 
chilli, soybean and maize. Sulochana et al. (1990) reported a total of 11 
AM fungi belonging to the genera Acaulospora, Glomus and Gigaspora 
associated in both kharif and rabi season with six seasame cultivars and 
the association and colonization being greater in the Kharif season. Peng 
and Shen (1990) and Zhang et al. (1994) noted Glomus as dominant genus 
during their study. Peng and Shen (1990) also observed that spore 
density and frequency of occurrence of AM fungi are greater in autumn 
than in the spring and the highest spore density and number of species 
occurring in the rhizosphere of cereal crops. AM distribution, occurrence 
and association are studied in both cultivated (Rao et al., 1990; Ganesan 
et al., 1991) as well as uncultivated sites (Blaszkowski, 1993). Kuhn et 
al., (1991) reported that out of 43 species of flowering plants examined, 
40 are heavily associated with AM fungi. Mullahey and Speed (1991) 
observed that Andropogan capillipes, A. virginicus, Schizachyrium 
stoloniferum, and Aristida stricta are collected in sep-1990 from 5 sites in 
south west Florida. Root colonization by vesicular-arbuscular 
mycorrhizae (VAM) ranged from 6 to 28 per cent and the total spore 
density ranged from 23 to 265 per lOOg soil. The main VAM species 
collected are Glomus spp. And Gigaspora spp. AM colonization levels 
are higher in herbs than in shrubs (Reyes et al., 1992). Natural 
occurrence of VAM fungi in Haryana soils (India) showed that VAM 
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spores are more intensive in the rhizosphere of non-legumes than of 
legumes. Soil pH, total soil P, available P, type of soil, soil moisture and 
cropping season influenced the VA mycorrhizal population in natural eco-
system (Bhardwaj et al. 1997). AM colonization happens to be the 
lowest during winter and highest during late summer and autumn (Payal 
etal., 1994). 
A significant correlation has been found between AM fungi and 
soil pH, moisture and P content (Rani and Manoharachary, 1994; Wetzel 
and Van-der-Valk, 1996; Bhardwaj et al. 1997). Level of AM 
colonization varied between the two crops from site to site and is not 
related to soil properties (Talukdar and Germida, 1993) and species to 
species (Muthukumar et al., 1996). 
AM fungi benefits to the host 
Much interest has been shown in arbuscular mycorrhizal fungi in 
commercial agriculture (Ferguson, 1984; Schenk, 1985). The interest 
stemmed from the published evidence which indicate that mycorrhizal 
fungi, which form symbiotic association with plant roots promote plant 
growth and health (Gerdemann, 1968; Harley, 1969; Tinker, 1975; 
Howeler et a/.,1987; Lin-Xian and Hao, 1988; Raju et al., 1990). The use 
of AMF for crop productivity requires a selection of an efficient and 
appropriate fungus and it has been assessed by many workers (Jensen, 
1982; Krishna et al., 1985). The agricultural importance of AMF is 
mainly due to their ability to increase phosphate uptake and other major 
and minor nutrients of crop plants (Mosse et al., 1973). 
The main hurdle in exploiting beneficial effects of AM fungi for 
improved agricultural productivity is the obligate nature of the symbiont. 
They can not be grown and cultured in the absence of their host plants. 
Since mass multiplication of these fungi is difficult, and making them 
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available for wide use in field is not possible. Presently, use of AM fungi 
is confined to green house and pot culture studies, and to a limited extent 
in plant propagation nurseries (Rangaswami, 1990). Field trials 
conducted in India indicated that AM fungi inoculations increased crop 
yield significantly in 50% of the trials (Wani and Lee, 1992). Effect of 
VAM fungi on various types of plants has been seen by various workers 
(Asif et al., 1995; Muhammed and Hussain, 1995; Kehri and Chandra, 
1990; Menge et al, 1978; Plenchette et al., 1981; Ragupathy and 
Mahadevan, 1995; Adjoud et al., 1996). Dixon et al. (1997) observed 
that VAM symbiont also increased drought tolerance of Prosopis plants 
in terms of maintaining and enhancing growth under water stress 
conditions. This study indicates the potential of VA mycorrhizae to 
partly reduce/replace the fertilizer requirements of trees in degraded, 
semiarid sites, where they can be described as biofertilizers. 
Growth yield and dry matter increase by AM inoculation have 
been reported for many crops such as barley, onion, soybean and rice 
(Owusu and Mosse, 1979; Bagyaraj et al., 1979; Kuo and Hung 1982; 
Luis and Brown 1986 Sanni 1976). Owusu and Mosse (1979) 
demonstrated a 12 fold increase in response to field inoculation of onion 
over a short period (13 weeks). Powell and Bagyaraj (1982) found 
agronomically realistic increase in onion bulb production by 18 per cent 
in the field experiment over uninoculated check. Koch et al. (1997) 
observed that VAM inoculated garlic plants were larger, had more green 
leaves and increased photosynthesis rate, especially at low light 
intensities, and higher fresh and dry weights than plants in uninoculated 
plots. The mean bulb weight from uninoculated and VAM-treated plots 
were 27 and 51g respectively. AM fungi are also known to promote 
cereal growth under field conditions (Khan, 1975). Root colonization of 
AM fungus Glomus spp. is known to increase phosphorus content in the 
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mycorrhizal root tissue of maize plants to 35 per cent by Glomus mosseae 
and 98 per cent by G. fasciculatum. Root infection by AM fungi 
significantly improved phosphorus uptake, translocation and its 
subsequent transfer in host plant (Shnyreva and Kulaev, 1994). Luis and 
Brown (1986) evaluated spore inoculation of Glomus mosseae and G. 
fasciculatum in rice under an upland condition and found that G. mosseae 
performed better in term of height, dry matter and grain yield. Sanni 
(1976) has reported that inoculation of rice with azygospores of 
Gigaspora gigantea increased the yield by 41.5 per cent higher than 
uninoculated one. Kehri and Chandra (1990) have shown that inoculation 
with AM fungi increased yield of each variety of rice but variety "Pant" 
was most responsive for AM fungi in yield improvement. Out of six AM 
fungi used. Glomus macrocarpum and G. claroideum were most versatile 
in promoting the yield. On the other hand for upland rice, maximum 
grain yield was shown by Glomus fasciculatum followed by Acaulospora 
sp. (Secilia and Bagyaraj, 1990). The response of wheat variety "shift" 
depended on the types of AM inoculation, generally inoculated plants has 
greater number of grains/spike and higher grain weight than non-
inoculated control plants (Asif et al., 1995). Inoculation with Glomus 
versiforme increased the dry weight by 10-20 per cent in sorghum (Singh 
and Tilak, 1990). Jensen (1982), Krishna et al. (1985) and Singh and 
Tilak (1990) reported the active role of mycorrhizal fungi on sorghum 
plants in growth metabolism. Effect of G. fasciculatum, G. mosseae, 
Gigaspora calospora and Acaulospora laevis on sorghum variety C026 
was seen by Prabhakaran et al. (1995) who found increased biogrowth of 
both the plants by G. fasciculatum. 
Increased growth responses and nutrient uptake has been reported 
because of AM symbiosis in several field grown forage and seed legumes. 
In case of pigeonpea, the inoculated plants had higher mycorrhizal root 
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colonization, shoot and root dry weight and phosphate content 
(Manjunath and Bagyaraj, 1984; Ramraj and Shanmugam, 1990). Glomus 
leptotrichum, G. macrocarpum, Acaulospora laevis, Gigaspora margarita 
and G. fasciculatum were equally good in promoting shoot and root dry 
weight (Reddy and Bagyaraj, 1990). However, Ramraj and Shanmugam 
(1990) found Glomus etunicatum to be effective in increasing the shoot 
dry weight of cowpea. Information on the selective association of VAM 
with soybean is meager. Ku and Hung (1982) found highly significant 
increase (21%) in grain yield of soybean with AMF inoculation {Glomus 
sp.) in the stubble of newly harvested paddy rice. The responses given 
were better than 60kg P/ha application. The result suggested that AMF 
inoculation might be important for the crops after paddy rice, where 
population of the indigenous AM fungi have been depleted under 
anaerobic soil condition. Significant response of soybean to inoculation 
with AM fungi in phosphate deficient soil, has been reported by 
(Raverkar and Tilak, (1988) and Ross, (1970). Effective AMF for 
cassava (Sulochana et al., 1995) and chickpea (Singh and Verma, 1987) 
were Glomus fasciculatum and Glomus eutinicatum. In black gram dry 
weight of shoot as well as shoot and root volumes were found to be 
significantly higher on inoculation with G. fasciculatum, G. constrictum, 
G.versiforme and Acaulospora sp. (Umadevi and Sitaramaiah, 1990) 
Utility of mycorrhiza! application in horticultural crop production 
is under evaluation in many fruit crops like citrus (Menge et al., 1978; 
Onkarayya and Sukhada, 1993), apple (Plenchette et al., 1981; Sharma 
and Bhutani, 1995)and strawbery (Hughes et al., 1978). In all cases, 
beneficial effect of inoculation has been recorded. In banana, G. mosseae 
and G. fasciculatum, association increased the yield by 25% per plani 
(Mohandas, 1995). Sivaprasad et al. (1995) reported a maximum plant 
height (12cm) and fresh weight (4.38Kg) in jack fruit (Artocarpus 
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heterophylld) when inoculated with G. mosseae. In tomato, different 
VAM fungi have been found to have different efficiencies in increasing 
fruit yield and nutrient uptake (Raverkar et al., 1994, Raverkar and 
Bhandari, 1995). 
Sundaram and Arangarsan (1995) found that out of four cultures of 
VAM fungi used, inoculation with G. fasciculatum gave the highest fruit 
yield of tomato (1368g per plant) i.e. 35% increase over the control 
followed by Glomus mosseae 24%, Gigaspora margarita 21% and 
Acaulospora leavis 19%. AM association also improved the quality 
attributes, such as increase in percentage of vitamin C and total soluble 
sugar and enhance the productivity of plant (Selvaraj et al., 1995). 
Hazarika and Phookan (1995) reported that Glomus aggregatum, G. 
mosseae and G. fasciculatum exhibited significant influence on growth 
and yield of chilli in nursery bed. There was wide variation in growth 
promoting efficiency of different VAM fungal species in Physalis minima 
L. Glomus geosporum showed better growth and nutrition response 
significantly followed by G. mosseae (Selvaraj et al., 1995). 
Groundnut is also known to be benefitted from mycorrhizal 
association. Significant increase in dry matter yield (Daft and El-Giahmi, 
(1976), phosphate uptake and stimulation of root and shoot growth in 
groundnut (Krishna and Bagyaraj, 1982) and pod yield (Joshi, 1995). 
The effect of AM fungi on essential oil yielding plants has been 
studied on German Chamomile {Matricaria chamomilla). Investigation 
revealed that AM fungal association is capable of improving the growth, 
biomass and flower production of the above crops grown in alkaline usar 
soil (Janardhanan and Khaliq, 1995). AM fungi used were Glomus 
aggregatum, G. fasciculatum and G. mosseae resulting an increase of 75, 
150, 114% biomass respectively and 76, 230 and 155% increase 
respectively in flower production. 
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Earlier investigation revealed the absence of AM fungi in 
medicinal plants possessing alkaloids but Prasad and Sailaja (1995) 
recorded the colonization of VAM fungi like Glomus aggregatum, G. 
mosseae enhancing the growth of plants belonging to family Apocynaceae 
like Catharanthus roseus, C. pusillus, Wrightia tictoria, Thevetia 
pemviana, Nerium indicum and Alstonia scholaris. 
Recently beneficial effect of AM fiingi has also been observed in 
non-host plants. Harinikumar et al. (1990) have found that in sunflower, 
inoculation with Acaulospora laevis resulted in maximum plant height 
and shoot dry weight. Similarly inoculation of Glomus fasciculatum 
induced significant increase in plant height, average branch length, total 
dry matter, pod weight and yield at all stages of plant growth (Gupta et 
al., 1990). Charest et al. (1997) have suggested that establishment of 
arbuscular mycorrhizal-grass symbiosis could help in reducing fertilizer 
-inputs. 
Mycorrhizal fungi enhance the absorption of nutrients by 
increasing the total surface area of the roots. Mycorrhizal infection can 
improve the phosphorus nutrition of the host. Absorbed phosphorus is 
probably converted into polyphosphate granules in the external hyphae 
(Callow et al., 1978) and passed to the arbuscules for transfer to the host 
(White and Brown, 1979). This flow of phosphorus occures in the 
presence of acid phosphates (Gianinazzi et al., 1979) during the 
arbuscular life span (Cox and Tinker, 1976) or senescence (Kinden and 
Brown, 1975). The mycelial network in mycorrhizal plants enables them 
to extract phosphorus from places beyond the zone of low concentration 
around the roots and depend on the distribution and phosphate uptake of 
external hyphae (Jakobson et al., 1992). Arbuscular mycorrhizal fungi 
also stimulate the plant uptake of zinc, copper, sulphur, potassium and 
calcium although not as markedly as phosphorus (Cooper and Tinker, 
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1978). Mycorrhizal fungi tap organic and inorganic phosphorus sources 
in soil which are normally unavailable to non-mycorrhizal plants (Powell, 
1979). The subtle changes do occur in mycorrhizal roots and these 
changes may be of considerable consequences to host growth and 
nutrition, as well as the functional growth strategy. An increase in stele 
circumference induced by mycorrhizae would allow greater uptake and 
passage of water and nutrients to the vascular cylinder (Miller et al. 
1997). 
AM fungi play an important role in water economy of the plants 
and their association improves the hydraulic conductivity of the roots 
thereby helping in better uptake of water by the plant. Absorption of 
water by the roots resulted in a better performance (Kehri and Chandra, 
1989; 1990). It has been pointed out that AM fungi help the roots in 
better absorption of water by exploring water in wider zones of soil (Safir 
et al., 1971, 1972). It has been noted that mycorrhizal plant show better 
survival than non-mycorrhizal ones in extremely dry conditions (Allen et 
al., 1981). The improvement in plant water relation may be due to 
mycorrhizal fungi exploiting large soil volumes avoiding drought, 
maintaining a soil root continuum, enhancing plant nutrition (Safir et al., 
1972; Bolgiano et al., 1983; Levy et al., 1983) or increasing stoma 
conductance through regulation of abscisic acid/cytokinin level or 
osmoregulation (Allen et al., 1981; Allen and Boosalis 1983; Parke et al., 
1983). Introduction of Glomus fasciculatum and G. macrocarpum is 
reported to moderate the adverse effect of higher root temperature 
(Borges and Chancy 1989). Marx and Bryan (1991) postulated that plant 
survival increased at high root zone temperature due to metabolites by the 
fungal symbiont. 
Allen et al., (1980, 1982) produced evidence that endomycorrhizae 
directly affected the plant hormone level. Barea and Azcon (1982) 
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reported the production of phytohormones by Glomus mosseae and its 
implications for root development and considered them as important trait 
for evaluation of isolates for inoculum production. 
Effect of fertilizer on host benefits by mycorrhizal fungi 
Mycorrhizal benefits are the greatest and the most obvious under 
low fertilizer input conditions that exists in developing countries (Miller 
et al., 1986; Crush, 1995). Phosphorus deficiency is one of the major 
limiting factor for crop growth and yield in the tropics. Farmers in the 
tropics are generally poor and they cannot afford high input technology. 
Mycorrhizae help to conserve and use phosphorus efficiently. This 
marginal agricultural lands could be made more productive if AM fungi 
having the ability to utilize extremely small quantities of fertilizer are 
selected and added to the soil. 
Many researches have shown that phosphatic fertilizer can reduce 
AM colonization. However, phosphate fertilizer addition to soil, very 
low in phosphate, can increase per cent colonization of root system 
possibly through direct effect on AM fungus (Bolan et al., 1984). In an 
experiment to analyse these effects Amijee et al., (1989) found that the 
inhibiting effects of high rates of P on AM colonization appeared due to 
reduction in formation of secondary entry points, mycorrhiza root 
infection and spore formation in soil (Omar, 1995). 
Addition of phosphorus, affects the AM colonization of root 
(Jasper et al., 1979; Menge et al., 1978). Out of many reasons, first, it 
is not soil P that regulates mycorrhizal colonization, but rather the 
amount of P absorbed by the host plant (Menge et al., 1978). Secondly, 
available soil P often differs greatly and plant tissue analysis is far more 
reliable method for determining available soil P than other methods of 
analysing soil. Finally, since host plants vary in their ability to absorb P, 
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and mycorrhizal fungi vary in their response to P, each plant-soil-AM 
symbiont system must be evaluated separately (Jasper et al., 1979; 
Menge et al., 1978). It is thought that P influences AM colonization by 
affecting concentrations of root carbohydrates (Jasper et al., 1979) or the 
amount of root exudates (Graham et al., 1982). The best indicator for 
identifying a soil that will provide good AM colonization appears to be 
the percentage of P in plants at the time of AM colonization (Jasper et al., 
1979). Recently, Sreenivasa and Bagyaraj (1989) observed that rock 
phosphate applied at 100 ppm P level resulted in more infective 
propagules of Glomus fasciculatum as compared to bone meal and super 
phosphate fertilizer (Clarke and Mosse, 1981). Long term application of 
superphosphate fertilizer (15 year of 150 kg P/ha/yr) enhanced the 
population of arbuscular mycorrhizal endophytes that were little affected 
by subsequent addition of P (Portor et al., 1978). Irrespective of P level 
the AMF did not differ significantly in their capacity to infect the roots 
(Weber and Amorim, 1994; Fay et al., 1996). However, Khaliq et al. 
(1997) found that VAM inoculation at three phosphorus application levels 
(3, 0 and 30 mg/Kg) significantly suppressed maize seedling growth and 
phosphorus inhibition of mycorrhizal infection increased with increasing 
rates of application. Nadian et al. (1996) reported that P uptake and 
growth of the plants decreased as the bulk density of the soil increased 
from 1.0 tol.6 t m"^  The strongest effect of soil compaction on P uptake 
and plant growth was observed at the highest P application (60 mg/Kg 
soil). At low P application (18 mg/Kg soil), P uptake and shoot and root 
weight of the plants colonized by Glomus intraradices were greater than 
those of non-mycorrhizal plants at similar levels of soil compaction. 
However, the mycorrhizal growth response decreased proportionately as 
soil compaction increased. In a similar study, Araujo et al. (1996) 
recorded that in tomato plant, at 60 mg P/Kg soil. Glomus etunicatum 
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enhanced growth rates, P accumulation rate and P utilization rates 
throughout the experiment. At 120 mg P/Kg soil, G. etunicatum 
depressed growth, P accumulation and P utilization rate at the early 
growth-stages and increased them at the latter stages. At 120 mg P/Kg 
soil, P influx into mycorrhizal roots was probably limited by carbon 
supply. In maize, Beyene et al. (1996) found that root dry weight 
increases with increasing levels of P (0, 21.5, 43, 64.5 and 86 mg P/Kg 
soil) in both mycorrhizal and non-mycorrhizal treatments. Shoot dry 
weight increases until 43.0 and 64.5 mg P/Kg soil in inoculated and non-
inoculated plants respectively. Total uptake of P(as well as P 
concentrations in root and shoots) and K (shoot) was higher in 
mycorrhizal plants than that of non-inoculated plants at applied P levels. 
The root K concentrations of inoculated and non-inoculated plants did not 
vary when P was applied. In Trifolium subterraneum, Naidian et al. 
(1997) also observed that total P uptake and shoot dry weight of plants 
colonized by Glomus intraradices were significantly greater than those of 
non-mycorrhizal plants at all levels of soil compaction at both P 
applications. In wheat, (cv. WH-147) grown in nutrient-deficient soil, 
inoculation with Glomus mosseae on the utilization of rock-phosphate (50 
and 100 ppm) plant showed enhanced plant growth at both levels of rock-
phosphate in combination with G. mosseae, with increase in plant height, 
total dry weight of root and shoot, number of grains per ear and density of 
mycorrhizal colonization in roots. The nutrient content of host plants 
also increased significantly in rock-phosphate + VAM inoculated plants 
compared to control (Chhabra and Jalali, 1997). Goh et al. (1997) noted 
that vegetative dry matter accumulation of wheat increased by P addition 
and reduced by VAM infection. Both P addition and VAM infection 
increased grain yield. Zinc concentration and uptake was generally 
reduced by P additions and VAM infection. There was an absence of 
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antagonistic effects of Zn additions on P concentration and uptake. In 
contrast, VAM infection had both positive and negative effects on P 
uptake depending on the growth stage and translocation of nutrients. 
Posta et al. (1997) reported that the positive effect of mycorrhizal 
inoculation on shoot growth decreased as P rate increased. For the 
various soil volumes, the effect of mycorrhizal inoculatioin on the shoot 
mass increased as soil volume increased. In all cases, mycorrhizal plants 
had higher P contents. P application reduced the degree of root 
colonization and also the quantity of external hyphae. 
Balaz and Vasatka (1997) observed the reduced growth and 
enhancement of root respiration of mycorrhizal plants compared with 
non-mycorrhizal plants after 12 weeks. Root colonization was not 
influenced by the increased P availability in contrast to extra-radical 
mycelium (ERM). The length of ERM hyphae both attached to the root 
surface and in the substrate were markedly decreased by increased P 
supply, irrespective of its form. 
Sitaramaiah and Khanna (1997) reported that mycorrhizal plants 
produced greater vegetative growth with higher levels of chemical 
constituents than non-mycorrhizal control plants. The endomycorrhizal 
fungus significantly increased root and shoot weight, root volume and the 
chemical constituents (nitrogen, phosphorus, potassium, calcium and 
magnesium) when maize was grown in sterilized, low phosphate soil 
compared with unsterilized, high phosphate soil. In tomato plants lower 
levels of added soil P upto 120 mg/Kg soil with mycorrhizae improve 
shoot and root dry matter leaf area, N and P concentration increased with 
added P upto 240 mg/Kg soil and mycorrhizal colonization as well as 
photosynthetic efficiency was highest at 60 mg P/Kg soil (Araujo et al., 
1994) and there was a decline in dry matter by 3.3% to 1.5% at 50 mg 
P/Kg and 80 mg P/Kg soil respectively (Fay et al., 1996). Safir (1987) 
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studied the effect of fertilizer and lime on colonization and spore 
production which influence the initial soil fertility, soil type, organic 
matter status and host plants and endophyte species. 
The P status of the plant strongly affects AM fungal colonization 
and spore production or sporulation. This, in turn, determines cell 
membrane permeability and root exudation of carbohydrates and amino 
acids available to metabolites to the fungus (Graham et al., 1981). In 
field addition of P fertilizer to soil reduces either AM fungal colonization 
or sporulation in a variety of crops, including maize, com, soybean, 
clover (Trifolium spp.), small grains and teak stumps (Lu and Miller, 
1989; Durga et al., 1995). Ravnkov and Jackobsen (1996) reported that 
mycorrhizal colonization was 74.6-88.1 per cent in mycorrhizal plants 
supplied with phosphorus whereas 40.5-47 per cent in non-mycorrhizal 
plants with added P and concluded that increasing P rate decreased the 
per cent colonization. Tawarays, (1996) also found that addition of P to 
the host plant influenced the composition of root exudates and thereby 
increase hyphal growth of AM fungi. 
Contradictory reports have also shown an increased colonization 
with the addition of P (Bethlenfalvay and Yoder, 1981; Gryndler et al., 
1989; Ishac et al., 1994), the response of AMF to soil fertility, P addition 
and plant health. AM formation at very low soil P level is limited by 
impaired plant productivity. As soil P is increased by fertilizer, plant P 
status improves and AM formation enhances (Bethlenfalvay and Yoder, 
1981). 
Soil nitrogen and potassium interact with phosphorus to influence 
colonization by AM fungi. Nitrogen deficiency in onion resulted in 
reduced colonization (Sylvia and Neal, 1990). Strzemska (1975) 
reported similar reduction in AM formation at high N application rates on 
com. An increase in N level had negative effect on AM colonization on 
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maize (Gonzalez-chavez and Ferrera, 1989). The application of fertilizer 
containing P and K and either no N or excessive N also resulted in 
decreased colonization, while a low rate of K addition was associated 
with the highest AM colonization (Gryndler,1989). A similar kind of 
observation was made by Plenchette and Corpron (1987) that a low rate of 
K was associated with high levels of colonization by AM fungi. In 
contrast, the addition of complete fertilizers did not affect AM formation 
(Saif, 1986). At the low soil P-levels NK increased mycorrhizae while at 
the high soil-P levels NK reduced mycorrhizae (Outlay and Dandurand, 
1989). 
When chemical fertilizers were combined with the addition of 
manures, the results were more complex. Manures alone increased spore 
numbers and root colonization, while increasing rate of N, P or K alone 
resulted in reduced AM fungal inoculum potential. Combined application 
of manure and P increased shoot dry weight and reduced AM infection 
(Harikumar and Bhagyaraj, 1989; Pasolon et al., 1993). The varied 
results of combined fertilizer and manure application may reflect 
difference in composition and quality of manures, since the effect of 
manure alone on AM formation has been shown to depend on the manure 
source addition rate, nutrient content, and possibly its state of 
decomposition (Sieverding, 1991). AM fungal species differ in their 
response to chemical fertilizers. Sclerocystis spp. disappeared from 
tropical soil when they were supplied with fertilizer and cultivated 
(Sieverding, 1991). In green house studies. Glomus intraradices 
remained unaffected by fertilizer, while sporulation and colonization by 
Acaulospora longula and Gigaspora margarita was suppressed 
(Thompson et al., 1983). Nitrogen and phosphorus in combination 
interacted to influence root colonization by G. etunicatum and G. 
margarita (Sylvia and Neal, 1990). The differential response of AM 
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fungal species to P fertilizer may result in selection of species less 
sensitive to fertilizer and less effective as mutualists (Jasper et al., 1979). 
Isolates of a single species can also exhibit a differential response to P. It 
appears that intensive agricultural practices involving high fertilizer 
application rate may reduce the efficency of P uptake by limiting AM 
fungal colonization of crop plants. Pereira et al. (1996) found greater 
response to N application in Glomus etunicatum inoculated plants than 
plants supplied with phosphatic fertilizer. N uptake was increased upto 
260 per cent by application of N in mycorrhizal plants. N uptake was 
increased only by 150 per cent when plants were supplied with the 
nitrogen in combination with phosphorus. Fungal response to P and N 
fertilizers are strain dependent. Furthermore, the relative amount of N and 
P directly affect root colonization by AM fungi. A strategy that is used to 
increase colonization is to provide plants having a low nutrient level of P 
and high level of N (Sylvia and Neal, 1990). Mycorrhizal colonization of 
wheat plant inoculated by Glomus intraradices and G. mosseae and 
treated with 40 kg N+60 kg P resulted an increased hyphal entry points 
and mycorrhizal colonization, but at higher dose of fertilizer 60 kg N+80 
kg P/ha resulted a decrease in the colonization and hyphal entry points 
(Mehrotra and Baijal, 1994). Hayman (1982) also showed that high rates 
of nitrogen fertilizers also inhibited AM fungi. However, Thompson 
(1986) using multiple regression found that colonization of maize and 
wheat roots with Glomus spp. was positively correlated with nitrogen 
concentration of roots and negatively related to P concentration. 
Colonization of lettuce roots was also found to increase with higher N 
and lower P concentrations in the roots (Hepper, 1983). Somewhat 
contrasting results were obtained by Sylvia and Neal (1990) who found 
that P decreased colonization of the roots of onion by Glomus etunicatum 
under N-sufficient but not under N-limited condition. Intensity of 
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mycorrhizal development decreases with increasing availability of 
nitrogen and phosphorus in the soil (Daft and Nicolson, 1966; Rajapakse 
et al., 1989; Amijee et al, 1989). The number of spores decreased with 
addition of phosphorus fertilizer. A 50 per cent reduction in spore 
number was recorded after 50 years (Martensson and Carlgren, 1994). 
According to Ryan et al. (1994) the VAM colonization in wheat in non-
fertilized field was found to be 2-3 times higher than in fertilized field. 
Fertilizer application, had stimulatory effect on plant growth was 
evident from several studies (Fabig et al., 1989; Zaghloul et al., 1996; 
Singh, 1996). Elwan (1993) observed in pot experiment that maize shoot 
and root dry weight, root and shoot length, root surface and transpiration 
rate were increased with P fertilizer inoculated with AM fungi. Similar 
results were obtained by Virant-klun and Gogala (1995). They also 
observed that in the maize plants P was higher in plants treated with 
VAM+P than the plants received the VAM alone. Virant-klun (1992) 
observed that mycorrhizal maize absorbed more P from soil than non-
mycorrhizal plants and the root of AM plants showed increased acid 
phosphate activity, while Elwan (1993) determined that the uptake of P, 
K, Ca, Mg, Fe, Mn, Cu and Zn were highest when plant received P+AM 
in combination, followed by P fertilizer alone. Extractable soil-P levels 
also increase P concentration in both leaf and root tissue of maize (Outlay 
and Dandurand 1989). Azcon et al. (1996) observed that when N was 
supplied solely as NO3" was particularly affected by mycorrhizal status. 
Glomus fasciculatum plants showed increased growth and nitrate 
reductase activity. 
Efficacy of mycorrhizal fungi in nematode control 
Arbuscular mycorrhizal fungi (AMF) variously influence a number 
of plant-nematode interactions (Atilano et al., 1981; Grandison and 
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Cooper 1980; Hussey and Roncadori, 1982). High populations of 
endoparasitic nematodes and spore of endomycorrhizal fungi were found 
in a survey made by Hasan and Jain (1987) indicating that these 
nematodes do not affect the VAM fungi and vice versa. However, in 
some crops like gram, cowpea and pigeonpea, low incidence of root-knot 
nematode in the roots having high level of VAM fungi was observed 
(Hasan and Jain, 1987). Jain and Hasan (1986) in a different 
investigation indicated that the presence of nematodes did not adversely 
affect VAM sporulation and reported that where there was only 50 per 
cent root colonization, nematode number was lower and they rarely infect 
VAM colonized region of roots, but on the other side, the roots infected 
by endoparasitic nematode were not colonized by VAM fungi while the 
damage done by plant parasitic nematodes is compensated by 
mycorrhizae unless close to the nematode feeding site. Stimulation of 
root growth by VAM provides greater habitat and sometimes resulted in 
increase of nematode population. Increased spore production and higher 
root colonization by VAM fungi in the presence of nematodes have also 
been observed (Ingham,1988). Chlamydospores of AM fungi have been 
detected in the cysts of the soybean cyst nematode, Heterodera glycines 
(Willox and Tribe, 1974). In another report chlamydospores occupied 1-
24% of the cysts from field samples (Willox and Tribe, 1974). Jain and 
Sethi (1987) showed that the occurrence o^ Heterodera cajani. and VAM 
fungi. Glomus fasciculatum and G. epigaeus in Vigna iinguiculata were 
largely independent of each other and the organism modify the effect of 
each other to some extent. However, an increase in nematode inoculum 
invariably resulted in reduced root infection and spore production by 
mycorrhizal fungi. The presence of G. fasciculatum showed a profound 
adverse effect on cyst production and multiplication of nematode, while 
G. epigaeus exhibited a reverse trend. 
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The antagonistic effects of AM fungi on nematodes may be either 
physical or physiological in nature. The nematode control may be 
through improved plant vigour, physiological alteration of root exudates 
or through direct role of mycorrhizae in retarding the development and 
reproduction of nematodes within root tissues. Several studies report an 
antagonistic effect of mycorrhizal fungi on plant-parasitic nematodes 
(Fox and Spasoff, 1972; Grandison and Cooper 1986; MacGuidwin et al., 
1985). Sitaramaiah and Sikora (1980) found that Glomus mosseae 
increased the resistance of tomato plants to Rotylenchulus reniformis 
infection. Baltruschat et al., (1973) reported that 75 per cent fewer 
juveniles of Meloidogyne incognita developed into adults when tobacco 
was infected with a mycorrhizal fungus. AM fungi can alter the 
physiology of the root, including root exudates responsible for 
chemotactic attraction of the nematode. Sikora (1978) suggested that 
attractiveness of the root system to M. incognita larvae was altered by 
the presence of G. mosseae. This and other studies (Sitaramaiah and 
Sikora, 1981; MacGuidwin et al, 1985) found decreased larval 
penetration and retarded nematode development in mycorrhizal roots. 
Sitaramaiah and Sikora (1982) expressed the other version of increasing 
resistance in tomato plants colonized by Glomus fasciculatum against 
Rotylenchulus reniformis by delaying the nematode attack in roots and 
less formation of egg/egg sac. Glomus fasciculatum adversely affected R. 
reniformis during several phases of its life cycle. The body width of the 
feeding females of nematode in tomato was reduced by 9 per cent in 
mycorrhizal roots. MacGuidwin et al. (1985) found that Meloidogyne 
hapla more readily penetrated non-mycorrhizal roots than mycorrhizal 
ones in onion. Other workers (Atilano et al., 1981; Hussey and 
Roncadori, 1982) reported that mycorrhizae suppress the effect of 
nematode on the host plant. Growth suppression of lemon seedlings was 
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reduced when plants were concomitantly infected with a mycorrhizal 
fungus and the plant-patasitic nematode Tylenchulus semipenetrans (O' 
Bannon et al., 1979). Hasan and Jain (1987) observed a positive 
interaction between AMF and stunt nematode {Tylenchulus vulgaris) in 
which AM fungi offset nematode damage and increase the plant growth 
and phosphorus content of Trifolium alaxandrinum in a green house 
experiment. Several investigators (Atilano et al., 1981; Cason et al., 
1983; Roncadori and Hussey, 1977; Heald et al, 1989) have suggested 
that increased nutrient uptake by mycorrhizal fungi enhances plant 
tolerance relative to the detrimental effects on nematode. Similarly, it 
has been found that presence of mycorrhizae may increase the tolerance 
of plants to diseases (Chandra and Kehri, 1996). The number of gaint 
cells formed by the mycorrhizal plants was significantly low in tomato 
plants infected with root-knot nematode, M. incognita and mycorrhizal 
roots did not prevent penetration by the nematode larvae (Suresh et al., 
1985). Nematodes significantly retard mycorrhizal infection of 
susceptible cultivars of alfalfa (Grandison and Cooper, 1986). AM fungi 
were rarely inside the gall tissue but were found adjacent to it (Hussey 
and Roncadori, 1982). AM fungi have not been observed in the gaint 
cells of Meloidogyne. The lack of mycorrhizae near nematode galls may 
account for reduction in total root colonization by G. intraradices (Heald 
et al, 1989). However, Kellam and Scheneck (1980) found mycelia, 
arbuscules and vesicles of G. macrocarpus in hypertrophied tissue within 
galls. But these structures of mycorrhizae were typical, characterized by 
lysing and disintegrating hyphae. They never observed appressorium 
formation and penetration of gall tissue in lucerne infected with M. hapla, 
although hyphae fi-equently traversed the gall surface without penetration 
(Grandison and Cooper, 1986). 
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Glomus intradices improved growth of canteloupe in nutrient 
deficient soil (Heald et al., 1989). Similarly beneficial effects of 
mycorrhizal fungi in other plants were reported by Atilano et al., (1981); 
Daft and Nicholson, (1972); Kleinschmidt and Gerdemann, (1972). 
Baghel et al. (1990) observed that Glomus mosseae stimulated the 
growth of citrus jambhiri seedlings. The nematode Tylenchulus 
semipenetrans decreased growth and simultaneous inoculation with AMF 
and nematode partly neutralized the adverse effect of the nematode, as the 
fungus was limiting the development of the nematode. Sivaprasad et al. 
(1990) showed that the pre-inoculation of Piper nigrum cv. Panniyur 
cuttings with Glomus fasciculatum or G. etunicatum reduced the root-
knot {Meloidogyne incognita) index by 32.4 and 36.0 per cent 
respectively; reduced nematode population in roots and surrounding soil; 
and significantly increased growth even in the presence of the nematode. 
Studies conducted by Kassab and Taha (1990a) revealed that the presence 
of AM fungi in roots of Ipomoea batata significantly suppressed the 
population of Tylenchorhynchus sp. but generally increased the 
population of Rotylenchulus reniformis and Criconemella sp. Kassab and 
Taha (1990b) conducted further studies and noted that in pot experiments 
on Trifolium alexandrinum, AM fungi (mainly Glomus) alone 
significantly improved plant growth increasing fresh and dry weights of 
roots and shoots, number of nodules and inflorescence; nematodes 
{Meloidogyne arenaria) and {Tylenchorhynchus sp.) infection singly or 
concomitantly, significantly suppressed the growth, reduced the number 
of nodules and inflorescence in both mycorrhizal and non-mycorrhizal 
roots. Population of a sedentary endoparasitic nematode {M. arenaria) in 
soil and in roots was significantly higher in mycorrhizal than in non-
mycorrhizal plants. The situation was reversed in migratory ecto-parasite 
Tylenchorhynchus sp. (Jain and Sethi, 1987). In rooted cuttings of kiwi 
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fruit {Actinida deliciosd) with or without AM and inoculated with 8000 
eggs of Meloidogyne hapla or M. javanica, vegetative and root growth 
were reduced only by M. javanica. Reproductive rate of both the 
nematode species was not affected by AM, although final population of 
M. hapla was higher than M. javanica. The tolerance of kiwi plants to M. 
javanica was increased in the presence of Glomus etunicatum (Verdejo et 
al., 1990). Srivastava et al. (1990) found that leaf acid phosphate activity 
was greater in Meloidogyne incognita inoculated tomato plants than 
Glomus fasciculatum inoculated plants while shoot phosphorus 
concentration was generally higher in Glomus mosseae inoculated plants. 
Singh et al. (1990) noted that pre-occupation of tomato (Pusa Ruby) roots 
with Glomus fasciculatum resulted in an increase in lignin and phenols 
and this might increase the resistance in tomato plants against root-knot 
nematode, Meloidogyne incognita. Krishna Prasad (1991) reported that 
percentage of root-knot nematode {Meloidogyne incognita) infestation in 
flue-cured tobacco (Nicotiana tobacum) seedlings was 67.5% at 50 days 
and 95% at 75 days after sowing in non-mycorrhizal plants and 48-52 per 
cent at 50 days and 73 per cent at 75 days after sowing in mycorrhizae 
{Glomus fasciculatum) inoculated plots. The number of galls, 
endoparasites and egg masses per infested seedling was reduced by 61-89 
per cent as a result of mycorrhizal inoculation. Transplanting of 
mycorrhizal tobacco seedling into root-knot nematode infested soil 
showed that growth and yield of tobacco were better, both qualitatively 
and quantitatively than in non-mycorrhizal plants. Mittal et al. (1991) 
showed that tomato root tissues forming galls following inoculation with 
Meloidogyne incognita had no AM fungi while roots lacking nematode 
galls had vesicles and arbuscules of Glomus fasciculatum, which inhibits 
the formation of nematode galls. Tylka et al. (1991) reported that yield 
of mycorrhizal and non-mycorrhizal plants in two soybean cultivars, viz. 
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Bragg and Wright, was suppressed by soybean cyst nematode (SCN). . 
Soil population was unaffected by AM fungi in 1986 but was greater in 
microplots infested with AM fungi than in control in 1987. Numbers of 
SCN in root and soil were decreased by AM fungi by as much as 73% 
after 49 days after planting SCN inoculum level. AM fungi infested root, 
stimulated the growth of cowpea plants by improving host nutrition and 
minimising the damage caused by Meloidogyne incognita perhaps by 
change in root exudate causing fewer nematodes to be attracted to and 
penetrate the plant roots (Ahmed and Alsayed, 1991). Prior establishment 
of VAM fungi, Glomus fasiculatum and G. mosseae tended to mitigate the 
effect of Meloidogyne incognita. Presence of the nematode interfered 
with mycorrhizal root infection and spore production. Earlier 
introduction of mycorrhizal fungi adversely affect root-knot nematode 
population to a greater extent than simultaneous inoculations or nematode 
preceding mycorrhizae and improved shoot- root length, fresh and dry 
weight. G. fasciculatum was found to be the better and most effective 
mycorrhizal fungus when compared with G. mosseae in its overall 
performance (Sharma and Trivedi, 1994). 
Glomus fasciculatum application into the nursery beds helped the 
mycorrhizae to colonize the tomato roots before transplantation to the 
main field, thereby preventing the penetration and development of 
nematode in the infected plants (Sundarababu and Sankaranarayanan, 
1995). Rao et al. (1996) found that interactive effects of Glomus 
fasciculatum, Meloidogyne incognita and Calotropis leaf, resulted in a 
significant reduction of root-knot galls and number of eggs per egg mass. 
The reduction of symptoms and nematode effects might be 
dependent on the level and timing of AM infection. Saleh and Sikora 
(1984) showed no increase in the growth of Gossypium hirsutum plant 
when inoculated at the rate of 30-480 chlamydospore per plant. Plant 
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growth increased substantially by 41% when inoculated with 750 spores 
per plant equivalent to one spore per cm^ soil. When less than 38 per cent 
of cotton roots were colonized by Glomus fasciculatum, no reduction in 
number of larvae or eggs of Meloidogyne incognita was observed. 
Similarly, 20-30 per cent VAM infection of cotton was insufficient to 
suppress M. incognita, but nematode reproduction was reduced by 54 per 
cent on roots that were more than 50 per cent colonized by G. 
intraradices (Smith et al., 1986). Larvae and adults of M. hapla were 
absent from lucerne roots where mycorrhizal infection was more than 10 
per cent (Grandison and Cooper, 1986). 
Oliveira and Zambolin (1988) studied the effect of different levels 
of inoculum of G. etunicatum and M. javanica on Phaseolus vulgaris at 
the time of sowing. With the increasing inoculum densities of nematodes, 
plant growth was reduced but it had no effect on mycorrhizal 
colonization or chlamydospore production by fungus. There was no 
significant increase in damage to bean plants when inoculum level of A/. 
javanica exceeded 5000 eggs per plant. The presence of G. etunicatum 
resulted in the reduction of nematode. Rotylenchulus reniformis 
significantly reduced the mycorrhizal root colonization by G. 
fasciculatum on cowpea though the values increased with increasing 
levels of G. fasciculatum (Lingaraju and Goswami, 1993). Kassab (1995) 
observed that level of inoculum, timing of invasion, habitable space, 
competition for nutrition, or physiological changes in roots, each singly 
or collectively play a role in suppressing the penetration and development 
of both organisms. However, measurable damage to plant growth could 
be avoided by increasing initial inoculum level of VAM by two or four 
times to that of A/, incognita. Sitaramaiah and Sikora (1996) reported 
lower numbers of adult females with lesser egg masses on mycorrhizal 
root inoculated with 300 spores or above as compared to controls and 
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with this increase in the spore concentration of the fungus from 300 to 
1800 spores/plant resulted in the reduction of soil population ranging 
from 40 to 80 per cent. In general, nematode did not have any effect on 
the number of spores produced or root colonization of the fungus. 
The timing of AM inoculation is also important. Plants 
preinoculated with VAM fungi 4 weeks before challenge with 
Meloidogyne incognita and M. hapla had less nematode infection and 
development than plants inoculated simultaneously (Cooper and 
Grandison, 1986; Cooper and Grandison, 1987). Mycorrhizal effects on 
M. incognita were more pronounced when cotton plants were inoculated 
with G. intraradices 28 days before the addition of nematode (Smith et 
al., 1986). Suresh and Bagyaraj (1984) reported that prior application of 
Glomus fasciculatum followed by Meloidogyne incognita reduced 
nematode infection better than simultaneous application. Umesh et al. 
(1988) observed that Glomus fasciculatum inoculation resulted in an 
increase in length, dry and fresh weights of Musa acuminata while 
inoculation with harrowing nematode, Radopholus similis resulted in a 
decrease in root growth but this adverse effect was mitigated by 
mycorrhizal inoculation seven days prior to nematode inoculation. 
Thomas et al. (1989) noted that growth of Elettaria cardamomum was 
reduced by the nematode M. incognita. AM fungi improved plant growth 
and reduced nematode population, both when inoculation was made 
simultaneously or after nematode inoculation. Gigaspora margarita and 
Glomus fasciculatum were the most effective AM fungi which were able 
to promote maximum growth response both in the presence and absence 
of root-knot nematode. Osman et al. (1990) reported that height and fresh 
weight of Phaseolus vulgaris was increased when inoculated with Glomus 
sp., Meloidogyne incognita alone decreased plant height and dry weight 
as compared to untreated control plants. A significant increase in fresh 
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weight was, however, observed when plants were inoculated with Glomus 
sp. 15 or 30 days before M. incognita inoculation. There was hardly any 
difference in total nitrogen content, when the plants were inoculated with 
nematode alone or inoculated simultaneously with AM or nematode or 
inoculated with nematode IS days after AM inoculation, but significant 
increase in total nitrogen was observed when nematode was inoculated 30 
days after AM inoculation. The nematode inoculated plants alone or 
nematode + AM showed a decrease in P contents as compared to the plant 
inoculated with AM alone that resulted in an increase in P contents. Gall 
index and nematode population significantly increased with simultaneous 
inoculation, while significant decrease was noted when nematodes were 
inoculated 15 and 30 days after the inoculation of AM. Taha and Abdel-
Kadar (1990) observed that pre-inoculation of Trifolium alexandrinum 
with AM fungi mainly Glomus and Gigaspora sp., significantly nullified 
the detrimental effect of post infection by Meloidogyne incognita on plant 
growth; though the nematode population remained unaffected. When M. 
incognita was combined with /followed by AM fungi, plant growth, total 
nitrogen and phosphorus content decreased in comparison with AM alone. 
Presence of M. incognita galls on roots suppressed mycorrhizal 
development. Inoculation of Vigna unguiculata seedling with Glomus 
fasciculatum or G. epigaeus {G. versiforme), 15 days prior to inoculation 
with M. incognita or Heterodera cajani minimized the deleterious effects 
caused by both nematodes. Prior inoculation by G. fasciculatum reduced 
gall formation by Meloidogyne incognita and cyst formation by H. cajani. 
Prior inoculation by G. versiforme resulted an increase in number of 
cysts. Presence of nematode, reduced per cent mycorrhizal infection and 
spore production. Over 60 per cent colonization of the root system by 
AM fungi considerably hampered root invasion by H. cajani. However, 
the endophyte did not further influence the development of penetrated 
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juveniles or the fecundity of the nematode (Jain and Sethi, 1988 a, b). 
Osman et al. (1991) reported that inoculation with Glomus spp. resulted 
an increase in fresh weight, total N and P content of the plants inoculated 
at 15 and 30 days prior to Meloidogyne incognita inoculation and the 
development of nematode was inhibited. Simultaneous application 
reduced P content of plant and fungal development and increased gall 
index and final nematode population. Addition of Glomus manihostis 
reduced the reproductive capacity oi Meloidogyne incognita by 14.23 and 
23.5 per cent (simultaneous inoculation) and by 83.21 and 91.04 per cent 
(nematode inoculated 4 weeks later) yellow and red pitaya respectively 
(Palacino and Leguizamon, 1991). 
Giovannetti et al. (1991) observed tobacco plants (cv. BAS76-31) 
preinoculated with Glomus monosporum provided a better tolerance to 
Thielaviopsis basicola than non-mycorrhizal seedlings. Devi and 
Goswami (1992) who studied the combined effect of VA-mycorrhiza and 
root-knot nematode and Macrophomina phaseolina inoculation with 
Glomus fasciculatum found significantly better plant growth response, 
indicating that VA-mycorrhiza did not allow Meloidogyne incognita and 
Macrophomina phaseolina to invade the roots. On the other hand, VA-
mycorrhiza did not show any significant effect when applied after the 
establishment of the disease caused by the interaction of M. incognita and 
M. phaseolina. Sivaprasad et al. (1992) observed the plants inoculated 
with VAM resulted a significant increase in dry weight of shoot and root 
as compared to nematode alone. Meloidogyne incognita did not influence 
the mycorrhizal infection and spore count. A negative relationship was 
observed between VAM colonization and intensity of nematode 
infestation. A similar result was also obtained by Sundarababu et al. 
(1993) while studying the effect oi Glomus fasciculatum on M. incognita 
in tomato. Sankaranarayanan and Sundarababu (1994) reported that 
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inoculation of blackgram (Vigna mungo) with G. fasciculatum 15 and 20 
days prior to the inoculation with Meloidogyne incognita increased in 
biomass production and decrease nematode population. But when G. 
fasciculatum was applied only 5 days prior to nematode root colonization 
and spore production by VAM fungus were reduced. Mahaveer et al. 
(1994) found that tomato cv. Pusa Ruby was more susceptible to G. 
fasciculatum than Pusa Early Dwarf VAM colonization was found to 
reduce the root-knot infestation. Prior application of VA- mycorrhiza 
followed by nematodes resulted in greater reduction in nematode 
infestation than the simultaneous inoculation or nematode first, followed 
by mycorrhiza. Sikora anid Sitaramaiah (1995) reported that pre-
inoculation and simultaneous inoculation of cotton plant with Glomus 
fasciculatum reduced Rotylenchulus reniformis juvenile penetration, egg 
mass production and population build up on mycorrhizal plants when 
compared to non-mycorrhizal controls. Mishra (1996) studied the 
interrelationship of Meloidogyne incognita, G. fasciculatum and the three 
commonly used herbicides. Higher level of VAM after 60 days of 
inoculation improved growth of tomato plant whereas higher levels of M 
incognita caused progressive reduction in plant growth. Simultaneous 
incorporation of VAM and nematode resulted in maximum multiplication 
of the VAM. Pre-establishment of G. fasciculatum increased plant 
growth, decreased the size and number of galls and improved NPK uptake 
over plants inoculated with the nematode alone or pre-inoculated with the 
nematode to the VAM. Herbicidal combination with VAM and nematode 
showed overall decrease in growth of tomato plants, multiplication of 
Glomus and uptake of NPK. 
Butool and Hasseeb (1996) reported that Egyptian Henbane plant 
growth was significantly reduced in plant inoculated with nematode 
alone, but when simultaneously inoculated with Glomus aggregatum plant 
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growth improved although not as much as when inoculated with fungus 
alone. In simultaneous inoculation of the nematode and fungus the root-
knot development and multiplication were reduced. 
Sundarababu et al. (1996) observed that when Glomus 
fasciculatum was inoculated 15 days earlier than nematode inoculation, it 
was able to enhance the growth of tomato cv.Co.3 and suppress M. 
incognita multiplication in pot experiments. Simultaneous inoculation 
followed the similar pattern but fungi were enable to suppress nematode 
growth when the nematode was inoculated 15 days prior to the fungus. 
Mishra amd Shukla (1997) reported that simultaneous inoculation 
of G. fasciculatum with M. incognita caused greatest reduction in the 
number and size of the nematode-induced root galls. Application of G. 
fasciculatum 15 days prior to the nematode significantly decreased the 
number and size of the galls and increased growth of tomato var. Pusa 
Ruby compared with the nematode alone and inoculation with nematode 
15 days prior to VAM. NPK contents of tomato plants was significantly 
higher with prior or simultaneous application of the VAM with the 
nematode. 
Phosphorous fertilization in plants may check nematode attack 
directly or through augmentation by mycorrhizal infection in plant roots. 
Although the role of the phosphorous in mycorrhiza-nematode 
interactions remains incompletely understood, phosphorus status of soil is 
known to influence plant growth and nematode reproduction favourabl\ 
(Roncadori and Hussey. 1977) and adversely (Oliveira and Zambolin, 
1986) or may exert no effect. Greenhouse studies to evaluate the 
influence of Glomus mosseae on Rotylenchulus reniformis penetration 
and development on bush bean, cucumber, and muskmelon revealed that 
reduction in the number of nematodes that penetrated mycorrhizal bush 
bean was 35 and 41 per cent lower than the control, 4 and 8 days. 
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respectively, after nematode inoculation (Sitaramaiah and Sikora, 1981). 
Cooper and Grandison (1986) showed that mycorrhizal plants exhibited 
more resistance to Meloidogne hapla at all phosphate levels, and growth 
benefits were generally more significant in plants preinfected with 
mycorrhizal fungi. In mycorrhizal root systems, nematode numbers 
increased in lower phosphate soil. However were either unaffected or 
reduced in mycorrhizal treatments , mycorrhizal root length remained 
unaffected by nematode inoculation. Similar response was observed in 
several other studies (Grandison and Cooper, 1986; Smith and Kaplan, 
1988; Carling et al., 1989). Smith et al. (1986) noted that phosphorus 
fertilization of cotton increased yield losses due to Meloidogyne 
incognita, increased nematode inoculum densities and increased 
nematode juvenile penetrating seedling roots. Cooper and Grandison 
(1987) reported regarding the benefits achieved by mycorrhizal 
inoculation of tamarillo {Cyphomandra betacea) against the nematode 
Meloidogyne incognita could not be duplicated by adding phosphate 
fertilizers. Smith and Kaplan (1988) reported that rough lemon seedlings 
inoculated with different dosage of nematode, Radopholus citrophilus, 
were grown in mycorrhizal (Glomus intraradices) infested or phosphorus 
amended soil (25 and 300 mg P/Kg soil). Six months later, mycorrhizal 
and non-mycorrhizal high phosphorous plants had larger shoot and root 
weights, lower nematode population densities, significantly greater 
phosphorus contents in leaf tissues than non-mycorrhizal low phosphorus 
plants. Enhanced growth in mycorrhizal plants thus appears from 
improved phosphorus nutrition and not from antagonism between the 
fungus and the nematode. Similarly, Carling et al. (1989) found that at 0, 
25, 50 and 150 mg P/Kg soil fertility, maximum growth and yield in 
soybean occurred at phosphorus fertility rates of 50-150 mg/Kg soil 
irrespective of the plants were inoculated or uninoculated with Gigaspora 
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margarita. Glomus etunicatum or Meloidogyne incognita or 
simultaneously inoculated with either endophyte and the nematode. Egg 
production by the nematode on AM plants was suppressed at the lowest 
level of phosphorus as well as at higher level indicating that the induced 
resistance is possible due to improved phosphorus nutrition in the host. 
At the lowest phosphorus rate, the nematode stimulated sporulation of G. 
margarita and suppressed sporulation of G. etunicatum. Heald et al. 
(1989) observed that Meloidogyne incognita suppressed the growth of 
non-mycorrhizal Cucumis melo plants by 84 per cent as compared to 21 
per cent in mycorrhizal plant, in soil amended with 50 mg/g phosphorus. 
Similar trend was observed in soil with 100 mg/g phosphorous. 
Tolerance of cotton plants to Meloidogyne incognita did not result 
between plants grown in soils amended with phosphorus levels with or 
without mycorrhizal fungus (Ponge, 1991). Price et al. (1989) showed 
that fresh shoot and root weights and shoot lengths in six month old 
growth of EMLA 26 apple root stocks in the field with or without the 
nematode Pratylenchus vulnus, were significantly higher in Glomus 
mosseae inoculated plants than in non-mycorrhizal plants. Addition of 
phosphorus to non-mycorrhizal plants had little effect. Mycorrhizal 
plants with the nematode showed significantly lower amount of nematode 
per gram of root than non-mycorrhizal plants with the nematode. Low 
levels of potassium, aluminium, iron and higher level of sulphur, 
manganese and zinc were detected in P. vulnus inoculated plants and 
mycorrhizal plants had the highest level of nitrogen, sodium, phosphorus, 
potassium and iron. Mycorrhizal plants had lower root-knot indices and 
required half the dose of phosphorus compared with non-mycorrhizal 
plants (Krishna Prasad, 1991). Soil phosphorus fertility had no effect on 
soybean cyst nematode, Heterodera glycines attacking soybean (Tylka et 
al., 1991). Ahmed et al. (1991) reported that all fertilizer reduced the 
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population of nematodes in soil and root, except potassium sulphate 
where population reduction was only evident at higher level (200g/pot). 
Bary et al. (1992) reported that the use of different levels of N,P and K as 
inorganic fertilizers, improved rice cv. Giza-171 plant growth, but 
increased the number of Hirschmanniella oryzae as compared to that of 
the untreated control. The highest population of this pest was obtained at 
the recommended dosage of each fertilizer. Voley (1993) determined the 
effect of N and K level upon Meloidogyne incognita under greenhouse 
conditions. Application of urea (100 and 200 Kg N/ha) and potassium 
sulphate (50 and 100 Kg K/ha)resulted in the highest egg laying than 
plants which received no fertilizers. The fertilizers resulted in improving 
nematode population and also enhancing the host tolerance. Khan and 
Khan (1995) observed that inoculation of Meloidogyne 
incognita/Fusarium solani caused maximum reduction in papaya 
{Pawpaw) growth in pots. Application of double dose of NPK fertilizer 
showed great improvement in plant growth when infested with either M. 
incognitalF. solani. An increase in N reduced the reproduction factor and 
number of nematode galls whereas increase in the dose of either P or K 
enhanced the reproduction factor and number of galls. 
Price et al. (1995) studied the effect of Glomus mtraradices and 
soybean cyst nematode (SCN). Heterodera glycines singly and in 
combination on two soybean cultivers, Bragg (nematode intolerant) and 
Wright (moderately tolerent) with low (35 ng/g) and high (70 jig/g) 
phosphorus. The cultivar Wright grew better than Bragg, showing greater 
response to P and VAM and caused less damage by SCN. The cultivar 
Wright has a more efficient root system and larger shoot root ratio than 
Bragg which is the basis of the greater response to VAM and greater 
nematode tolerance. Santhi and Sundarababu (1995b) studied the effect 
of different levels of phosphorus (0, 50 and 100 \x%lg soil), the nematode 
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Meloidogyne incognita and AM interaction on cowpea. The plant with 
VAM were more resistant to M. incognita than those without. Positive 
correlation was observed between the phosphorus levels and the nematode 
population, whereas negative correlation occurred between phosphorus 
levels and the VAM spore population and colonization. Carling et al. 
(1996) studied the individual and combined effects of 2 arbuscular 
mycorrhizal fungi (AMF) {Gigaspora margarita and Glomus etunicatum), 
Meloidogyne arenaria and different levels of P (0, 25, 75 and 125 |ig/g 
soil) on groundnut plant in greenhouse. The highest growth and yield 
occurred at 75 or 125 (ig P level regardless of inoculation of AMF. 
Groundnut growth and yield were generally stimulated by AMF 
development and growth alone was suppressed by M. arenaria at 0 and 
25 ng P. In challenge inoculations, VAM increased groundnut plant 
tolerance of the nematode and offset the growth reduction caused by M. 
arenaria at the 2 lower P levels. However, VAM and added P increased 
galling and M. arenaria egg production thereby increasing the groundnut 
susceptibility to nematode attack. M. arenaria had only a minimal effect 
on root colonization by AMF and sporulation by the fungus. 
The potential role of mycorrhizal fungi as biocontrol agent for the 
control of nematode plant diseases has recently received considerable 
attention (Osman et al., 1990; Ahamed and Alsayed, 1991; 
Sankaranarayanan and Sundarababu, 1994; Santhi and Sundarababu. 
1995; Price et al., 1995). The damage due to nematode diseases is 
generally reduced in mycorrhizal plants (Carling et al., 1989; Osman et 
al., 1990; Price et al., 1995). In several studies AM fungi have shown an 
antagoistic influence on the population of plant prasitic nematodes 
(Bagyaraj et al., 1979; Saleh and Sikora, 1984; Cooper and Grandison. 
1986; Sitaramaiah and Sikora, 1982; Carling er a/., 1989; Sivaprasad er 
al., 1990; Rao et al., 1992; Sankaranarayanan and Sundarababu, 1994). 
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Nematode susceptible plant colonized by AM fungi were better able to 
tolerate plant pathogenic nematodes (Kellam and Schenck, 1980; 
Sitaramaiah and Sikora, 1982; Grandison and Cooper, 1986; Diederichs, 
1987; Jain and Sethi, 1989; Osman et al., 1990; Sankaranarayanan and 
Sundarababu, 1994). However, in some cases, fungal colonization had no 
effect on nematode populations (O' Bannon and Nemec, 1979; Cason et 
al., 1983; Grandison and Cooper, 1986). 
As a result of interaction, in general, the severity of nematode 
diseases is reduced in mycorrhizal plants (Table 1). However, in some 
instances root colonization by mycorrhizal fungi had no effect on 
nematode reproduction (Table 2), while it was even found to be 
stimulated in some cases (Table 3). 
Influence of biological control agent, Paecilomyces lilacinus on 
nematode 
In the past two decades there is increasing evidence to determine 
the capacity of a number of opportunistic soil fungi to parasitize females 
and eggs of endoparasitic nematodes. Several fungi, predacious 
nematodes, bacteria, viruses, rickettsias and sporozoans are now known to 
reduce nematode population and parasitize nematode eggs, females and 
cyst. Some of these organisms have been found quite beneficial for 
nematode management. Paecilomyces lilacinus is one of the important 
fungi widely used for managing nematode population. 
P. lilacinus was isolated in early 1978 from egg mass of 
Meloidogyne incognita acrita infecting potato roots. It frequently infects 
the eggs and occasionally the females of M incognita acrita (Jatala et al., 
1979). Infection of eggs and females of A/, incognita acrita by the fungus 
was recorded by Jatala et al. (1979). P. lilacinus was also effective as a 
biocontrol agent of Heterodera pallida. Eggs of Globodera pallida on 
42 
c 
o 
u 
3 
-o 
2 
a 
u 
u 
E 
o 
c 
c 
o 
u 
u 
M 
o 
> 
•a 
A 
"O 
c 
, 3 
N 
I 
0 \ 
«» 
CQ 
I 
.2 3 
o. 
o 
1 I 
u 
'c 
o 
CO 
3 
c 
< 
M 
s 
. 9 
«» 
^^ 
N 
le 
u 
u 
e w 
>> s 
«> 
a 
^ KJ s 
s 
u c p do 
o 
s 
t*J 
o o u 
CO 
3 
O U3 if 
1.1 
£ .s 
i 
& 
1*3 
a 1 
•5 
u 
c 1 
^ 
1 
s 
Q' 
1) 1 
: | ^-
o 
E 2 E 2 
00 
0 \ 
o 
00 
0^ 
u C 
u 
x: 
u 
E 
e 
o 
M 
T3 
C (0 
J= 
0 0 
oo ^^ 
ON « 
c 
o 
M 
u 
c 
M 
T3 
_ C 
« « "W C 
E - ^ 5^ '-v "u *^  
« 00 S 00 "S "S 
C4 XI 
\C so 
00 00 
ON ON 
^ S. 
g t ; . O gj CQ := U o o g o o - g ^ 
y s O CO OQ O id ( / 3 w K w ( / 3 ( y 3 ' E 0 0 
X 
E 
(/3 
a 
o 
U 
•o 
c 
CO 
c 
o 
2 o\ 
O 
X 
•o w u 
3 
c 
o 
CS 
00 
6 I 
S SI l.§ 
> 
u 
cd 
E 
u 
Z 
5 ca « 
O l i c 
U C O . 
1 ^ 1 
IE "O Ic 
O 3 O 
E <2 E 
c 
o 
> 
u 
w 
tn 
M 
u 
o p 
u 
3 
s 
a 
III 
E c 
O CQ 
l l 
w o 
U u 
ex 5 
^ cd 
0 0 en ^ 
o ^ "a 
l l O U 
H 4-* .^^ 
Q E a: 
3 C « 
« > . ^ 
o i? k-
3 U U 
o < 
c 
o 
o 
o 
E 
C9 
u 
u o. 
00 
00 
u 
u 
o 
C3 
E 
u 
z 
en 
> 
c « 
.2 'oo 
*-• c 
3 c2 
a < 
K '<-o 
O V 
c 
cS 
•5 o_ 
-^ C Ui 
a-s i 
t JJ O 
R o. >N 
>-.§•.>< 
E 00 M 
1 
c a 
.2 a 
= y. 
s « 
o. E 
•- c 
c u 
« < 
in 
.-> >> 
tn CO 
^ 0 0 
•o o 
00 ^ 
.£ c 
^ .2 
S « 
3 
n 
c 
CQ 
I -
U 
X 
E 
3 
C 
U 
-o 
o 
cQ O. 
C U Cd = 
•E ^ 
o « 
J2 Z 
3 
u 
O 
c 
O g 
E 
a 
o 
•T3 
U 
u 
• 3 ^ > 
i 
3 
S 
S 
i 
5 
8 
2 
s 
^ 5 
s 
5 
<a 
2 
5 2 _ _ a 5 
2 
2 
I 2 
E 
_ 3 
3 
CJ 
O 
c 
•o 
X 
;5 ! i ^ 05 t i o t i e ) C i ( i ei 
s I I 
v> 
c: 
2i 
S S -^ 2 
VI 
^ ^ ^ ' ^ 
CS 
E 
E2 
CS 
E 
U 
c 
cd 
u X) 
>> 
o 
0 0 
VI 
o 
o 
E 
E2 
I 
Vi 
a a 
bo Oo 
Vi VI 
s: c 
VJ V I 
c s: I-
^ ^ ^ ^ ^ 
c _ c 
o •f= o 
o S o 
U a, U 
c 
o 
•tmt 
o 
U 
c '2 
o — 
o — 
U < 
4 3 
e 
•3 
c 
u 
o 
"O 
c 
1 
U 
0 0 
O N 
c» 
> 
o 
c 
es 
C 
1 E o 
t3 
^*\ 
<« 
00 
0 \ 
^ i - ^ 
00 
00 
ON 
^^  s.»^ 
<n 
^ 
c3 
•a 
Q 
0 0 
O N 
W^ 
s . ^ 
,^ ^ 
• C 
%} 
CO 
1 
§ 
•? 
0 0 
0 0 
O N 
>«^  
•^ Q 
«^> 
JS 
CO U 
E 
D 
00 
00 e 
ON . S 
§ 1 
id -O 
c § S 
^ S 00 
C ; - ON 
M O C 
O 
^-v Ov 
^ O s ON 
2; 00 — 
2K ON ^ ^ 
•5; •£ <u 
's « -a 
C P« 
o 
ON 
ON 
I 
c 
o 
C eg 
.2 3 
b 60 
i3 *i ii U lill 
" c « E 
•o — c « 
2 S « S 
S R 3 " 
J5 >» o U f IcS 
E 
3 U 
o 
c 
•o 
V 
X 
3 
a 
"5 
5 
E 
3 
• 3 
c 
w 
X 
5 & 3 3 
3 3 
^ ^ 
6 § 
^ ^ 
C5 ^ 
c 
S 
3 
•r 5 
i -^  
a bi V, 
lis ^  §, 5b i §. 
3 
3 
^ <0 t5 ^ <i (i 
is 
^ I 
•fc 3 
t ? t<5 3 
1^5 b ^ 
<i> 
a 
^ £? 0 
S 
3 
5 
^ 
S 
> 
Q 
a 
V. 
0 
1 
3 0 tj 
•X 
3 s I 
NS.2 
^ bo 
S 
^ ^ ' ^" 
s: 
.0 
§^  
|i 
e 
I I t 
I 
I H I I 
s: 
> 
o' "o 
C P eo 
O ^ « 
H ^ OQ 
E II ^ 
o o 
CO 
O 
U 
CS 
c 
CO C 
ca 
CQ U CQ 
c 
CO 
to U Bu 
u a. a 
u 
u 
ja 
CQ 
4 4 
o 
OS 0 \ 
OS 
c *" 
ca ea 
E ^ 
O H 
o\ o\ 
0\ a> 
^^  *^ 
%> u 
c c 
CO a 
B E 
o o 
§ 
E 
I 
1^  
•3 2 
O4 s ^ 
0 \ 
^^ CM 
0\ 
• • * 
"^-^  S 0 
«N 
0\ ON 
\^ 
E 
ea 
^ CO 
0 
0 
•0 
C 
es 
'> 
ON 
ON 
^a 
ON OV 
ON ON 
e « 
M 
^ <U <») 
3 3 
cs n 
X> X) 
e s 
ea CO 
3 3 
cs 
CO 
E 
a 
bo 
o. o. 
S 
5 
E 
_3 
3 
u 
o c 
•0 
u 
X 
o. a 
2 
to 
s 
5 
03 O 
S 
t5 
I 
o 
5 
o 
s 
s 
5 
s 
2 2 
g 
2 
2 
s 
5 
o 
2 
2 I 
1 ^ 
o ^ b 
I 
s: 
bo ^ 
•S -S I 
S i 
.to I I 
•S 
Si. 
a 
^ ? J 
R ^ 8 
• K S S 
I 
R 
.§ 
s: 
a I 
s: 
:^  ^ ^ 
c 
CQ 
U 
CQ 
c 
CQ 
U 
X5 
o 
on 
<o 
2 c p 
c ^ 3 
c3 ?: ^ 
« -R a 
CQ G , S 
CQ 
3 
13 
o 
u 
u 
X> 
O H 
if 
^6 
V a o. u a 
CO 
CQ 
O O 
CO CO 
E E 
o o 
45 
ON 
X) 
5 
a 
E 
CO 
U 
C ON 
g OS 
c E n s 
ON 
ON 
u U 
V I 
1 1 
E 
C 
ca 
CO 
_ <^ 
. 5 ITk - 5 >i^  O 
•O ON "O Os O 
t J ON TS ON C 
ON 
ON 
V Q 
(73 OJ 
.as ON - g 
3 
•8 I 
•o 
C 
3 
c 
CO C-
ON 
ON 
JO 
CS 
M 
CO 
CS 
B 
o 
u 
3 
•§ 
a 
a 
CO 
E 
c 
c o 
4J 
u. 
U 
> 
< 
1 
Hi 
-o c « 
eg 73 J3 , 
c * 2 c 
E - S i § 
I IIi^ 
.C 13 T3 C 
S P P 1 
IS 
V O. 
c „ 
B rs 
-1 
u > 
I 
§ i 
•a *i CS . 2 
•3 73 
• ^ • S *rf 
2 « 
E .H 
E 'S 
3 y l l 
u 
E 
u 
o 
3 
lA U 
o S ^ 
E Q "a 
E 
_3 
"3 O 
O T3 C B 
— CS 
2 « ii 
l § 
I" 
J3 « 
3 E 
.E • 
C « 
ji > 
i2 ° « 
u 
o .2 
to CS 
<< a 
II 
•= B 
E .E 
if 
o o 
•E 3 
00 u 
E >-
es 
^i 
U CS 
s 
s 
s 
2 
i 
! i 3^ 
s 
. 0 
s 
5 
2 c 
s 
s 
5 
s 
a 
S 
CS 
Q 
3 
s 
o 
s 
s 
3 
<<3 
R 5 
a 5 S S 
S I 5 I 
O ^ O ^ <^ 
& 
2 
2 ^ 
I 
s : 
I 
5 
S' 
2 
5) 
^ k M 
:^  
0 
5^-
2 
v. 
' « M 
:^  
S 
• 2 
2 1 
^ 
o; 
1 
^ 
1 
(0 
"a 
CJ 
0 
OS 
?5 
•5 
.S^  60 
0 
CU 
1 
0 
1 
.c 
:5 
I 
E E 
n CQ CO 
^ E M 
o 2 J^ 
e c u 
> i es es 
S S 5 
o 
CS 
E 
o 
es CS 
U U O. O. 
E E „ 
O O J : 
u u u 
.SP SP S 
CU Ou CU 
E 
o 
o 
U 00 
CS 
V r 
0 
u 
k. 
> 
0 
U 
46 
o e 
T3 « _ 
C C "2 
M ea c 
I 2 * 
S S E -11.11 
W3 C/5 C« >_^ 
u 
11 
<- c 
o ^ 
w « 
u > 
> .2 
CO 2 
> c 
00 
u II 
s s 
if 
— >» 
•3 B 
I « 
i| 
c ° 
eo 
eo 
o « 
I « 
o >. 
•O "S 
>^ C 
E U 
« .£ -S 
" i « 
« u V 
" « c 
:2 E S E E 
tft 
r 
i I 
47 
c 
o 
o 
3 
2 
a 
u 
c 
c 
o 
u 
o 
c 
CO 
30 
C 
a 
"15 
N IE fc 
o 
o 
>^  
CO 
00 
0 \ 
2 
u 
S 
u 
o. 
00 
§ u 
cd 
U C 
O bo 
c c 
u 
c 
CO 
o 
c 
c 
3 
Q 
u 
o 
3 
O 
C 
V 
§ . i i 
c 
o 
CO C3 
X CO 
o. a 
sg:E -
S2 fc 
E o 
u 
ss >^  « 
CO 
E 
u 
c 
I <<5 s 
Jj 
£ 
^ S' 
S Q 
<n 
3 
a 
5 3 
W 
3 
s o 
)>. a 00 
a S 
a 
I . 
8 
.5<i 
3 
5 5 
5 5 
3 3 
3 3 
u (J 
S 5 
<i ^ o ^ c : ? ^ ^ ^ 
CJ 
5 
3 
5 
L 
2 o 
^ 
5 
2 
S 
§ J I 
n. 
a. 
c 
O 
u 
•o 
o 
et 
B 9i 
z 
u 
a 
•c 
i^ 
3 
• « : 
u 
c <M 
• ^ 
a 
x. ex. 
I I 
I I 
^ I S 
t 
^' I c Q 00 IS 
^ -5 
s: I 
s: .1 
s s'
w O 
X c o 
U 
s 
u 
Xi 
u 
CQ 
V 0. 
o 
CO 
E 
o 
H 
c 
o S T3 
•2 E 5 
o o 
U 
CO 
U 
c 
u 
E 
3 
u 
(O o 
< 
CO 
to 
00 
4 8 
c 
o 
u 
3 
a 
Qu 
u 
•O O 
c 
c 
o 
"5 
o 3 
E 
f 
"Sb 
c 
, 3 
t 
o 
cs 
w 
B 
W 
I 
I 
ei) 
ll 
1, 
n Q 
CO <» 
( b < ^ CO 
8-u M 3 M 
ed O 
E 
. * 
o 
^ o 
o 
u u 
CO U 
0) 3 
3 BJ 
• S -O 
BJ JO O III 
" — S 
^ n cd 
^ c i 
§ 
Bb 
I 
o 
2 
S 2 
- 5 O 
a 3 V) 5 5 ^ w g a o a a c 5 .^ 
3 ^ ic§S I 
I 
I 
3 
S 
I 1 
I 
§ 
^ 
i 
8 
V) 
a. s 
^ b 
} 
c 
a 
u 
2 S 
^ 5 
1 § I 
O 
u u 
M 
O 
H 
c 
CO I 
o 
CO 
c 
o 
m 
o 
u I u c 
« o 
3 
c 
u 
a. 
49 
potato roots were infected and hatching declined due to increased 
infection of eggs by P. lilacinus (Jatala et al., 1981). Gintis et al. (1983) 
found P. lilacinus associated with the developmental stages of H. glycines 
in soybean field in Alabama. The fungus was also found parasitizing eggs 
of M arenaria in an Alabama soil (Godoy et al., 1983). Roman and 
Rodriguez-Maracona (1985) examined the effect of P. lilacinus on the 
larval and root-knot formation and reported that fewer larvae were found 
in roots and soils of plants inoculated with the fungus. 
Paecilomyces lilacinus has demonstrated tremendous potential as 
biocontrol agent of some important plant parasitic nematodes. In case of 
Meloidogyne, Tylenchulus and Nacobbus, the fungal hyphae first grows 
in the gelatinous matrix, then forms a network around the egg and finally 
penetrates them (Jatala, 1986). Dunn et al. (1982) reported development 
of an appressorium during colonization of eggs. P. lilacinus increased the 
yield of tomato and okra plants infected with M. incognita (Noe and 
Sasser, 1984) and other host plants (Dube and Smart, 1987). P. lilacinus 
parasitized the egg and egg masses of nematode (Silva et al., 1992; Lin et 
al., 1993) destroyed 80 to 90% of Meloidogyne eggs and attacked both 
eggs and developing females (Stratlner, 1979; Jimenez and Gallo, 1988; 
Reddy and Khan, 1989; Croshier et al., 1985; Morgan-Jones and 
Rodriguz Kabana, 1984). P. lilacinus also inhibited the hatching of 
juveniles (Khan et al., 1988; Oduor and Waudo, 1995), reduced 
population density, root galling, mature females and nematode juvenile 
count in Meliodogyne spp. (Rohana et al., 1987; Mousa and Mousa, 
1995; Noe and Sasser, 1995) and root gall formation in M. javanica (Zaki 
andMaqbool. 1996). 
Jimenez and Gallo (1988) found that P. lilacinus under glasshouse 
condition infected eggs and sometimes females of M. incognita, M. 
javanica and M. arenaria. P. lilacinus, as a biocontrol agent of M. 
50 
incognita, acts better than any commonly used nematicides under field 
infestation. It was found that, P. lilacinus in combination with 
fenamiphos did not give additional control of Meloidogyne spp. in luffa 
plants (Giraldo et al., 1996). 
Histological studies of tomato roots inoculated with P. lilacinus 
and M. incognita race 1 showed absence of root galling and giant cell 
formation were absent in tomato root inoculated with nematode eggs 
infected with P. lilacinus . Few to no galls and no giant cell formation 
were found in roots dipped in a spore suspension of P. lilacinus and 
inoculated with M. incognita. P. lilacinus colonized the surface of 
epidermal cells as well as the internal cells of epidermis and cortex 
(Cabanillas e/a/., 1988). 
The potential of 13 P. lilacinus isolates obtained from various 
geographic regions was evaluated for their biocontrol efficacy against M. 
incognita. Khan and Esfahani (1990) studied the efficacy of P. lilacinus 
for controlling Meloidogyne javanica on tomato in greenhouse. Root 
galling and egg mass production were greatly reduced. The fungus was 
more effective when both organisms were inoculated simultaneously or 
the fungus preceded to nematode in sequential inoculation. A high 
percentage of eggs were found to be infected. P. lilacinus also reduced 
damage to cowpea caused by M incognita and Rotylenchulus reniformis 
(Khan and Hussain, 1990). P. lilacinus infected the egg masses, engulfed 
eggs, penetrated and proliferated within them by consuming the egg 
contents of the nematode in vivo parasitism of M. javanica (Zaki and 
Bhatti, 1990), reduce gall index (78.6%) parasitize eggs and egg masses 
and second stage juveniles (J,) of M. incognita and M. javanica and 
increased growth of tomato in pot experiments (Zaki and Bhatti, 1991; 
Lin et al., 1993). Zaki (1994) has also reported reduction in the gall 
index (69%) and second stage juveniles (86%) of M. javnica on tomato 
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plants with optimum egg mass infection (58%) and egg destruction (66%) 
and improvement in plant growth. Amoncho and Sasser (1995) have 
reported that treatment of soil in greenhouse trials with P. lilacinus 
colonized root had no effect on root galling due to M. incognita on 
tomato plants but significantly suppressed root galling in okra. An 
average of 22 per cent and 9.9 per cent of M. incognita eggs from tomato 
and okra roots respectively were parasitized by the fungus. Mittal et al. 
(1995) observed that Paecilomyces lilacinus along with chitin enhanced 
suppression of M incognita development more than using them alone, in 
Solanum melongena, Lycopersicon esculentum and Cicer arietinum. 
Shahzad et al. (1996) reported that use of inoculum pellets of P. lilacinus 
in soil showed greater suppression in root-knot index as compared to its 
application as soil drench or seed pelleting. Inoculum pellets stored at 5X 
and 25XC showed no significant reduction in Cfu/Pellet upto 40 days 
whereas pellet stored at room temperature lost their viability. Khan and 
Saxena (1996) found that the presence of Paecilomyces lilacinus along 
with either Meloidogyne arenaria, M. incognita, M. javanica and 
Rotylenchulus reniformis significantly reduced the root galling and 
multiplication, and their egg masses were more vulnerable to fungal 
infection, than eggs and females. This reduction in nematode 
multiplication resulted in improvement of plant growth over nematode 
infected plants. P. lilacinus showed significant control of M. incognita 
followed by M. javanica, M. arenaria and R. reniformis on tomato. 
Wang et al. (1997) cultured four isolates of P. lilacinus on solid 
substrate and cotton shell and tested for controlling Heterodera glycines 
in field plots during 1992-94. There is a gradual decrease in the 
subsequent years as compared to first year of inoculation. 
The possibility of using P. lilacinus along with the bacterium, 
Pasteuria penetrans for controlling M. incognita in field microplots has 
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been investigated by Dube and Smart (1987). These investigations found 
that nematode control was more effectively obtained when both 
organisms were applied together. Similar results were obtained in case of 
M. javanica on tomato by Maheswari and Mani (1988). Siddiqui and 
Mahmood (1993), while working on the control of M incognita race 3 
found the same additive efficiency of simultaneous inoculation of the 
nematode and the biocontrol agent on chickpea. 
Paecilomyces lilacinus along with arbuscular mycorrhizae 
(AM) has also proved substantial disease control against nematode. AI-
Raddad (1995) reported that inoculation of tomato plants with Glomus 
mosseae and P. lilacinus together or separately in the presence of chicken 
layer manure used as a carrier substrate for the inoculation of P. lilacinus 
completely inhibited root infection by Meloidogyne javanica. 
Mycorrhizal colonization was not affected by the layer manure treatment 
or by root inoculation with P. lilacinus. The highest root development 
was observed when mycorrhizal plants were inoculated with P. lilacinus 
to control root-knot nematode. Inoculation of tomato plants with G. 
mosseae suppressed gall index and the average number of galls per root 
system by 52 and 66% respectively compared with seedlings inoculated 
with M. javanica alone. Siddiqui and Mahmood (1995b) found that 
simultaneous use of the biocontrol agents P. lilacinus and Verticilium 
chlamydosporium and endomycorrhizal fungus, Gigaspora margarita 
gave better control of the disease complex on chickpea caused by 
Meloidogyne incognita and Fusarium udum than did their individual 
inoculation. Siddiui et al. (1996) also observed that VAM fungus 
reduced nematode reproduction but simultaneous use of Pseudomonas 
fluorescens, P. lilacinus and VAM fungus had greater adverse effect on 
nematode reproduction. In pot experiments Sharma and Trivedi (1997) 
observed that combined application of Glomus fasciculatum and G. 
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mosseae two weeks prior to inoculation with Meloidogyne incognita 
resulted in increased fresh and dry weigh of root, shoot and fruit of okra 
as compared to the plants inoculated with the nematode alone. The 
combined effect of the mycorrhizal fungi and Paecilomyces lilacimis gave 
the maximum reduction in gall formation by the nematode. 
It is an established fact that plant roots form association with 
mycorrhizal fungi and provide nutritional benefits to the crop plants. The 
degree of colonization of roots by AM fungi and the impact of symbiosis 
depends on the interaction between the host symbiont and the 
environment. The selection of efficient strains of the AM fungi is critical 
to the development of inoculant fungi for use in AM technology, if we are 
to realize the potential of mycorrhizae as a meaningful biocontrol tool. In 
most studies, it has been demonstrated that nematode-susceptible plants 
colonized by mycorrhizal fungi tolerate plant pathogenic nematodes in a 
better way. However in some cases AM fungi show no effect on 
population densities of the endoparasitic nematodes or have been found to 
be stimulatory m some cases. This variation prevents to draw an easy 
conclusion about the effects of AM fungi on plant diseases It can be 
summed up that other microorganisms in the soil are affected by the 
micorrhizae and a new rhizosphere balance results. Generally most of the 
studies undertaken so far did not include morphological changes of the 
parasitic nematodes, chemical constituents in plant tissue. The impact of 
N, P and K fertilizers in combination on the pathogen-symbiont-host 
interaction has not been given emphasis. Since many of the possible 
interaction between AM fungi and other soil organisms are positive it 
becomes obligatory to manage the root-knot disease by applying a 
combination of mycorrhizal fungi and positive associative biocontrol 
organism and to grow crop successfully and regain or reach a level of 
sustainable productivity. We are only beginning to understand just what 
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changes do occur and what organisms are affected and how. So it is 
imperative to investigate the various aspects of symbiotic association of 
mycorrhizae with host, associated biological agents and various fertility 
levels so that the adverse impact of AM fungus on root-knot disease 
development and nematode multiplication can be fully realized. The 
present study carried out in glass-house conditions is an effort in this 
direction. 
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ECTIOl I 
SECTION I 
Status of arbuscular mycorrhizal fungi (AMF), 
characterization of soil, spore population of AMF in soil and 
root colonization of some commonly cultivated crops in Aligarh 
District - a survey 
INTRODUCTION 
An extensive survey of agricultural fields of Aligarh District of 
some cultivated crops was conducted for qualitative and quantitative 
assessment of AM fungal spores population and per cent root colonization 
by AMF at four sites under field conditions. The four sites viz., Atroli 
(A,), Baderbagh (Aj), Kasimpur (A3) and Shahjamal (A4) having some 
commonly cultivated crops like chickpea {Cicer arietinum L.), mungbean 
{Vigna radiata (L.) Wilczek), brinjal {Solatium melongena L.), tomato 
{Lycopersicon esculentum Mill.), wheat {Triticum aestivum L.), chilli 
{Capsicum annum h.) and maize {Zea mays L.) were selected for the 
study 
The soils of the experimental sites were sandy loam and the 
characteristics of the soils are given in table— . The temperature of the 
sites ranges from 23.4 to 35.8 °C while relative humidity from 64.5 to 
79.3% in a calendar year . All the sites are moderately rainfed and have 
satisfactory irrigational facilities with a soil moisture of 4.05 to 9.00%. 
MATERIALS AND METHODS 
Soil sampling and root sample collection 
Sampling was done for each crop separately from the fields of 
cultivated crops at site A,, A,, A3 and A4 in different months i.e, 
chickpea-January, 1995; mungbean-April, 1995; brinjal-July, 1995; 
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tomato- December, 1995; wheat-March, 1995; chilli- May, 1995 and 
maize-June, 1995. 
Soil samples (soil cones of 5 cm diam.) were collected at random 
from each site with the help of soil auger upto a depth of 15 cm near the 
plant base. Forty such samples were collected for each plant species and 
were thoroughly mixed to make a composite sample. Seven samples of 
lOOg soils each were used for recovery of spores. 
Seven root samples for each plant species were collected at 
random in order to assess root colonization of AM fungi. A 
representative sample of the entire root system was obtained from five 
different portions of the root system after washing by tap water. 
Soil characteristics 
The soil samples were brought to laboratory, marked and packed in 
polythene bags and their electric conductivity (EC) and pH were 
measured with EC meter and pH meter respectively in the extract 
collected from 1:1 soil/water suspension (W/V). The texture of soil in 
relation to particle size was determined by hydrometer method (Allen et 
al., 1974); total organic carbon by the method given by Walkley and 
Black (1934); total nitrogen by microkjeldahl method (Nelson and 
Sommers, 1972) and total phosphorus by molybdenum blue method 
(Allen era/., 1974). 
Quantitative estimation of spores from the soil 
Spores of AM fungi were isolated by the wet sieving and decanting 
method (Gerdeman and Nicolson. 1963). For this a sample of lOOg dry 
soil was mixed in water (lOOOml) and the heavier particles were allowed 
to settle for few seconds. The liquid was poured through a coarse soil 
sieve to remove large pieces of organic matter. The liquid passed through 
57 
this sieve was collected and again passed through a set of varied sieves 
of 80,100, 150, 250 and 400 mesh. Spores obtained on sieves were 
collected with water in separate beakers. The spores were counted in 1 
ml of the suspension in nematode counting dish under the stereoscopic 
microscope. The final number of spores/lOOg of soil was calculated 
accordingly for each crop. 
Assessment of colonization by AM fungi 
Clearing and staining (Phillips and Hayman, 1970) 
Roots were washed with tap water and cut into 1 cm long segments 
and then boiled in 10% KOH solution at 90 °C for 45 minutes. KOH 
solution was then poured off and roots were rinsed well in a beaker untill 
no brown colour appeared in the rinsed water. Alkaline H^O, which was 
used to bleach the roots, was made by adding 3 ml of NH4OH to 30 ml of 
10% HjO, and 567 ml of tap water. The roots were rinsed thoroughly at 
least three times using tap water to remove the HjO,. Roots were then 
treated with 0.05% trypan blue (in lactophenol) and were kept for one 
hour. The specimens were then removed from trypan blue and kept for 
overnight for destaining in a solution, prepared with acetic acid 
(laboratory grade)-875 ml, glycerine-63 ml and distilled water 63 ml. 
The cellular contents were removed by this method and the AM 
fungal structures gerstained dark blue. These stained root segments were 
used for determining the root colonization by AM fungi. 
Percentage of root colonization and per cent arbuscules were 
determined by slide method (Giovannetti and Mosse, 1980). The root 
segments were selected at random from the stained sample and mounted 
on microscopic slides in groups of ten. One hundred to one hundred and 
fifty root segments from each samples were used for the assessment. The 
presence or absence of colonization in each root segment was recorded 
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and result was expressed as percentage of root colonized. The root 
colonization (mycorrhizal infection in the roots) was calculated as 
follows: 
Number of mycorrhizal segments 
% AM association = X 100 
Total niunber of segments screened 
Isolated spores were identified with the help of keys provided by 
different workers (Trappe, 1982; Hall and Fish, 1979; Bakshi, 1974; Rani 
and Mukerji, 1988; Srinivas et al., 1988). The data collected during this 
study were statistically analysed in simple randomized design by the 
method of Pause and Sukhatmi (1985). Details of the ANOVA model are 
given in appendix A. 
RESULTS 
Soils collected from the four sites were alkaline with - pH ranging 
from 7.8 at site A4 to 8.7 in site A3 (Table 4), and sandy loam in texture. 
The electric conductivity was low in site A4 and high in A3 in comparison 
to other two sites. Organic carbon and nitrogen contents of soil A3 was 
highest, followed by A,, Aj and A4. The P and K contents in the soils did 
not vary widely and ranged between 7.5 and 8.7 kg/ha in case of P, the 
highest being at A3 site and 93.2 to 99.6 kg/ha in case of K, the highest 
being at A,. The percentage of soil samples having a particular species of 
AM fungi along with the species identified are given in table6 and figure 
la. In general occurence of the genus G/omus was predominantly high at 
all the four sites with four different species than the other two ganra 
Acaulospora and Gigaspora, with single species each (Table 5). 
Among the Glomus species the per cent occurrence of G. mosseae 
was more than G. constrictum at A,, A, and A4 sites but less at site A3. 
The per cent occurrence of both the species was more than double as 
compared to G. fasciculatum and G. aggregatum (Table 5). The presence 
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Table. 5. Overall frequency of occurrence of AM fungi at four different sites in the 
Aligarh district 
AM species 
Glomus mosseae 
Glomus constrictum 
Glomus fasciculatum 
Glomus aggregatum 
Acaulospora scrobiculata 
Gigaspora gigantea 
CD 
Overall frequency 
A, 
34.05 
26.62 
13.35 
8.97 
9.69 
6.74 
2.45 
A, 
37.98 
29.76 
11.41 
9.35 
5.99 
4.44 
3.89 
of occurrence 
A, 
35.19 
28.64 
13.8 
11.48 
7.83 
7.71 
1.89 
A4 
34.83 
34.74 
12.37 
7.73 
7.85 
2.48 
2.73 
Table. 6. Soil samplings having different AM fungi in commonly cultivated crops at 
four different sites in Aligarh district 
AM species 
Glomus mosseae 
Gerd and Trappe (Nicol & Gerd) 
Glomus constrictum 
Trappe 
Glomus fasciculatum 
(Thaxter Sensu Gerd.) 
Glomus aggregatum 
Schenck & Smith, emend, koske 
Acaulospora scrobiculata 
Trappe 
Gigaspora gigantea 
(Nicol. & Gerd) Gerdemann & Trappe 
Per cent soil samples 
A, 
79.36 
76.19 
30.77 
7.94 
6.35 
6.35 
A: 
78.37 
77.78 
34.92 
25.40 
19.04 
7.69 
; having AM 
A3 
71.43 
76.00 
9.52 
4.76 
1.70 
0.0 
fungi 
A4 
76.92 
46.15 
15.87 
7.69 
0.00 
4.76 
A, = Atroli; A, = Baderbagh; A3 = Kasimpur; A4 = Shahjamal 
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A - Atroli B - Baderbagh C - Kasimpur D - Shahjamal 
B i-Glomus mosseae; mm 2-G. constrictum; wM 3-G. fascicutatum, 
H 4-G. aggregatum; mm 5-Acaulo^>ora scrobiculate;^^ b-Gigaspora gigantea 
Figure la Overall frequency of occurrence and per cent soil samples with AM fungi at 
four sites around Aligarh 
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of Acaulospora scrobiculata and Gigaspora gigantea were very low and 
it was found that A. scrobiculata was completely absent at site A4 and G. 
gigantea at site Aj. 
The distribution of the spores of the encountered species of VAM 
fungi at various sites under different cultivated crops along with the per 
cent root colonization are given in tables 7 - 1 0 . Significantly more 
spores were found in soils with maize at site A, and A, and with chilli at 
A2 and A4 sites. Soils collected from fields of mungbean crop had the 
lowest spore value and it was at par with brinjal and tomato soils at site 
A,, with tomato crop soil at site A2 and with brinjal soils at site A4. At 
site A3 tomato crop soil having spores at par with brinjal crop soil which 
had significantly lower value than the other soils. 
The variations between the species in spore number/100 g soil 
collected during the cultivation period of different crops were high. In 
general the spore number of G. mosseae and G. constrictum weje more 
than the other species. At sites A, and A, it was found that spore 
population of G. mosseae was more than that of G. constrictum spore 
population in the soils collected during brinjal, tomato and wheat crop 
cultivation. The soil collected from sites A,, A^  and A4 during chickpea 
cultivation had more G. constrictum spores as compared to the other 
species, while G. mosseae spore number was high at site Aj. In general, 
spore number o{ A. scrobiculata and G. gigantea were less than others. It 
was found that there was no definite relationship between crop and AM 
fungi as the spore number in soils collected during different crop periods 
varied at different sites. But it was found that AM fungi preferred chilli 
and maize crops than the other crops studied, as the percent colonization 
was more in these crops at all sites. Mungbeen had significantly low 
value at site A,, A, and A4 but at site A3 the colonization was 
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Table 7. Aibuscular mycorrhizal (AM) spore population and per cent root 
colonization at Atroli (A,) 
Crop 
Chickpea 
Mungbean 
Brinjal 
Tomato 
Wheat 
Chilli 
Maize 
CD 
Total 
spores 
/lOOg 
soil 
371 
320 
333 
343 
367 
375 
400 
24 
Gm 
65 
73 
180 
189 
115 
127 
128 
9 
Gc 
117 
119 
31 
73 
81 
155 
92 
7 
Number of spores 
Gf 
0 
67 
35 
30 
102 
14 
87 
6 
Ga 
80 
11 
36 
8 
17 
15 
58 
2 
As 
40 
0 
30 
26 
50 
70 
27 
3 
Gg 
69 
50 
21 
17 
0 
4 
8 
3 
% AM 
coloni-
zation 
88 
64 
70 
72 
81 
90 
93 
3 
Table. 8. Arbuscular mycorrhizal (AM) spore population and per cent root 
colonization at Baderbagh (A )^ 
Crop 
Chickpea 
Mungbean 
Brinjal 
Tomato 
Wheat 
Chilli 
Maize 
CD 
Total 
spores/ 
lOOg 
soil 
355 
315 
352 
337 
373 
450 
385 
29 
Gm 
105 
125 
140 
80 
172 
190 
163 
12 
Gc 
170 
87 
96 
76 
56 
142 
137 
11 
Number of spores 
Gf 
32 
38 
50 
80 
40 
15 
38 
2 
Ga 
38 
65 
50 
10 
7 
50 
20 
3 
As 
10 
0 
9 
46 
50 
39 
0 
3 
Gg 
0 
0 
7 
45 
48 
14 
0 
4 
% AM 
coloni-
zation 
89 
68 
78 
71 
90 
97 
93 
2 
Gm=Glomus mosseae; Gc=Glomus constrictum; Gf=Glomusfasciculatum; 
Ga=Glomus aggregatum; hs=Acaulospora scrobiculata; Gg=Gigaspora gigantea 
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Table. 9. Arbuscular myconhizal (AM) spore population and per cent root 
colonization at Kasimpur (Aj) 
Crop 
Chickpea 
Mungbean 
Brinjal 
Tomato 
Wheat 
Chilli 
Maize 
CD 
Total 
spores/ 
lOOg 
soil 
231 
265 
210 
198 
227 
269 
325 
26 
Gm 
130 
50 
64 
109 
75 
100 
79 
11 
Gc 
50 
57 
78 
50 
37 
90 
132 
9 
Number of spores 
Gf 
40 
35 
40 
13 
30 
40 
40 
3 
Ga 
7 
30 
38 
13 
58 
22 
30 
2 
As 
4 
48 
36 
13 
27 
0 
7 
3 
Gg 
0 
45 
34 
0 
0 
17 
37 
4 
% AM 
coloni-
zation 
78 
80 
61 
57 
68 
81 
86 
3 
Table. 10. Arbuscular myconhizal (AM) spore population and per cent root 
colonization at Shahjamal (A4) 
Crop 
Chickpea 
Mungbean 
Brinjal 
Tomato 
Wheat 
Chilli 
Maize 
CD 
Total 
spores/ 
lOOg 
soil 
370 
283 
292 
347 
365 
423 
378 
30 
Gm 
122 
82 
159 
70 
76 
167 
180 
14 
Gc 
175 
100 
60 
105 
132 
150 
132 
10 
Number of spores 
Gf 
35 
50 
30 
60 
30 
69 
30 
4 
Ga 
20 
48 
20 
42 
38 
7 
15 
3 
As 
10 
0 
23 
66 
49 
30 
15 
5 
Gg 
8 
3 
0 
4 
40 
0 
6 
2 
% AM 
coloni-
zation 
79 
60 
66 
69 
74 
85 
81 
3 
Gm=G/o/MM5 mosseae; Gc=Glomus constrictum; Gf=Glomus fasciculatum; 
Ga=Glomus aggregatum\ As=Acaulospora scrobiculata; Gg=Gigaspora gigantea 
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significantly low in tomato plant. The per cent colonization value of 
wheat and chickpea ranged between the highest and lowest. 
The overall frequency of occurrence of AM fungi at all the four 
sites showed that G. mosseae spores significantly out numbered all the 
others at all sites except at site A^  where it was at par with G. constrictum 
(Figure la). At sites Aj and Aj G. constrictum was significantly more 
than G. fasciculatum, and their occurrence was higher as compared to G. 
aggregatum at sites A, and A4 and at par with G. aggregatum at sites Aj 
and A3. G. gigantea had lower spore counts at all sites and it was at par 
with A. scrobiculata at sites Aj and A3 and significantly lower than A. 
scrobiculata at the other two sites (Table 5). 
DISCUSSION 
The results of this investigation clearly indicate that most of the 
plants in all the sites are mycorrhizal. The degree of AM formation 
varied in all the crop species. Reduced per cent colonization of roots and 
AM spore population in soil was observed at A3 site (57-86% and 198-
325 spores/100 g soil) as compared to others. AM colonization in roots 
was below 85% in all the crops at A3 and h^ sites, whereas in sites A, and 
A, it ranged from 64 to 97 per cent in all the crops. The colonization 
increased gradually with an increase in the spore number. Due to the 
difference in pH and soil characteristics, the number of spores as well as 
root per cent colonization varied, the highest being at site Aj. 
All the crops were colonized by the AM fungi extensively and 
there was no definite relationship between crop and AM fungi as the 
spore number in soils collected during different crop seasons varied at 
different sites, but AM fungi preferred chilli and maize crops than the 
others. In general the leguminous as well as the other crop species are 
mycorrhizal in nature (Mosse, 1976). The mycorrhizal association are 
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formed with maize (Gerdemann, 1968), barley (Owusu-Bennoah and 
Mosse, 1979) and pearl millet (Krishna and Dart, 1984). The specificity 
of the mycorrhizosphere microorganisms has been shown earlier in many 
cases (Ames et al, 1984; Katznelson et a/., 1962; Meyer and Linderman, 
1986; Rambelli, 1973; Linderman and Paulitz, 1990). Multiple infection 
was observed in all cultivated crops at all the four sites in this survey and 
the diversity in AM fungal spore types was seemingly very high and AM 
fungal chlamydospores were quite common in all the samples. Similar 
results were obtained by Khalil et al. (1992), Mosses (1973). Hayman and 
Storold (1979) and Padmavathi et al. (1991) also observed that spores 
belonging to more than one species of AM fungi are often found in 
agricultural soils. Glomus was the predominant genus followed by 
Acaulospora and Gigaspora. The spores of only three genera were found 
in the sample collected from all the four sites in the present study, but the 
level of colonization varied from site to site. Similar results were also 
obtained by Sulochana et al. (1990); Pang and Shen (1990) and 
Blaszkowski (1993). Muthukumar et al. (1996) pointed out that AM 
fungal colonization varied considerably between the species. Difference 
in the per cent colonization and sporulation of the symbiont in association 
with different crops receiving similar environment may be attributed to 
the specificity of the symbiont to the crop (Mosse, 1973; Kruckleman, 
1975). 
It has been reported that availability of the substrate in root 
(Schwab et al., 1983; Abott and Robson, 1985) and the various soil 
factors affect the production of external hyphae. The complex 
environmental factors, seasonal fluctuations, agricultural practices and 
the other soil microflora may also influence the development of 
mycorrhizal fungi. 
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AM fungi are wide spread in occurrence and due to their potential 
for crop improvement they have been investigated extensively (Mukerji, 
1995; Mukerji and Dixon, 1992; Powell and Bagyaraj 1984). Natural 
occurrence and predominance Glomus, Acaulospora and Gigaspora in the 
cultivated soils at all the four sites indicates that there is a need of 
maintaining them in cultivated soils through proper management. They 
may be utilized also as biofertilizer and biocontrol agents. The 
bidirectional transport enhanced the plant growth and lead to completion 
of fungal life cycle. For this reason mycorrhizal symbioses are attractive 
systems in agriculture, forestry and wood production in the sense of a 
sustainable agriculture and restoring soil fertility (Verma, 1995). There 
was no correlation between soil moisture per cent organic matter content 
(Hafeel and Gunatillche, 1988) and edaphic factors or soil characteristics 
of four soil zones reported by Talukdar and Germida (1993). 
SUMMARY 
Arbuscular mycorrhizal fungal (AMF) spore population and per 
cent root colonization was assessed in this study. Commonly cultivated 
crops of Aligarh District like chickpea, mungbean, brinjal, tomato, wheat, 
chilli and maize were examined for the AM status. Most of the plant in 
all the sites were mycorrhizal. Highest AMF spore population and per 
cent root colonization was found at site Baderbagh followed by Atroli, 
Shahjamal and Kasimpur. In all, 3 genera of AM fungi viz.. Glomus. 
Acaulospora and Gigaspora were identified. Glomus was the 
predominant genus and showed high frequency of occurrence at all the 
sites investigated. Mixed population with great diversity in AM spore 
types and presence of arbuscules inside the roots were observed. There 
was no definite relationship between cultivated crops and the AM fungi, 
as the spore number in soil collected from rhizosphere of the plants 
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during different crops varied at different sites but AM fungi preferred 
chilli and maize crops compared to others as evidenced by rich 
colonization of these crops at all sites. No definite relationship was 
observed between mycorrhizal infection and the prevalent edaphic 
factors. The results of this study emphasize the need to assess the status 
of arbuscular mycorrhizal association of crop plants from different 
micro-ecosystems to understand their mycorrhizal status. 
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o ECTIOl II 
SECTION II 
Comparative efficacy of different Arbuscular-mycorrhizal 
fungal spp. (AMF) on tomato {Lycopersicon esculentum Mill.) 
INTRODUCTION 
Arbuscular mycorrhizal (AM) association is known to improve 
plant growth through better uptake of nutrients and increased resistance 
or tolerance to drought and root pathogens in many species of leguminous 
and other crop plants (Singh, 1994; Mosse, 1973). AM fungi vary in their 
physiological interaction with different hosts and hence, in their effect on 
plant growth. Species and strains of AM fungi have been shown to differ 
in the extent to which they increase nutrient uptake and plant growth 
(Powell et al., 1980). These observations have led to introduction of the 
term "efficient" or effective strains (Abbot and Robson, 1981). Generally 
those fungi that infest and colonize the root system more rapidly are 
considered to be "efficient" strain (Mums and Mosse, 1980). The 
usefulness of mycorrhizae is especially appropriate in the development of 
sustainable system of agriculture (Mosse, 1986), so as to produce 
desirable effect of improving plant growth and inducing resistance to 
pathogen in given environmental conditions (Bali et al.. 1987). Tomato 
is one of the important vegetable plants, used in different forms viz., 
juice, paste, ketchup, soup and powder. The information to select 
efficient AM fungi for inoculating tomato (var. Pusa Ruby) to achieve 
better growth and drought resistance is still meager. Hence, there is need 
to identify specific host -endomycorrhizal association and to define 
conditions under which these association function efficiently. The 
present study is a step in this direction to identify the efficient AM fungi 
for tomato crop. 
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MATERIALS AND METHODS 
Starter cnltnre of AM fungus (inoculum production ) 
Collection of soil sample 
Morphologically different types of spores recovered from the 
rhizosphere soils were collected separately. In order to collect spores of 
AM fungi from each sites, fifty soil samples were collected from the 
crop fields in Aligarh and adjoining areas with the help of soil auger upto 
a depth of 15cm from the rhizosphere of the plants. 
Isolation of spores 
Spores of AM fungi present in the soil samples were isolated by 
wet sieving and decanting method described by Gerdemann and Nicolson 
(1963). Samples of 100 g dry soil was taken in 1000 ml of water 
thoroughly shaked and left for a minute to settle down the heavier 
particles. The soil solution was passed through coarse sieve first and 
then decanted on to a series of sieves of varied size i.e. 80, 150, 250 and 
300 mesh. The spores obtained on sieves were collected with water in 
separate beakers. The spore suspensions were repeatedly washed by 
Ringers' solution (NaCl 6g 1', KCL O.lg 1' and CaCl, 0.1 g 1' in 
distilled water of pH 7.4) in order to remove the adhered soil particles 
from the spores.. The following species were found to be of common 
occurrence in the agricultural fields of the Aligarh district 
Glomus mosseae 
Glomus fasciculatum 
Glomus aggregatum 
Glomus constrictum 
Acaulospora scrobiculata 
Gigaspora gigantea 
All the above mentioned species were evaluated for their potential as 
effective AM inoculent for tomato (var. Pusa Ruby). The spores of AM 
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fungi were identified under a dissecting microscope with the help of the 
synoptic keys suggested by Trappe (1982). The spores of AM fungal 
species, were separated by picking and used for pot culture. Spores were 
separated with a microspatula and picked up by a Pasteur pipette fitted 
with a rubber bulb. These tools were surface sterilized for 2 minutes in a 
solution containing chloroamine T 20 g/1, streptomycin 300 mg /I and 
Tween 80 in trace amount/1 of distilled water. 
Maintenance of AM fungi culture 
Pure cultures of six AM fungi viz.. Glomus mosseae. Gerde 
and Trappe (Nicol and Gerd), Glomus fasciculatum (Thaxter Sensu Gerd) 
Glomus aggregatum (Schenck and Smith emend Koske), Glomus 
constrictum (Trappe), Acaulospora scrobiculata (Trappe), Gigaspora 
gigantea Nicol. & Gerd (Gerdemann and Trappe) collected during the 
survey (Section-1) were raised on Rhode's grass (Chloris gayana Kunth) 
grown in pots under glasshouse conditions. To raise Rhode's grass, seeds 
were surface sterilized with 0.1 per cent solution of HgCK and sown (5 
seeds per pot) in 9 cm clay pots, containing sterilized soil (66% sand, 
24% silt, 8% clay, OM 2%, pH 7.5). Fifty spores of each AM fungal 
species per pot were layered at 6 and 2 cm depth in 50 clay pots. After 
emergence, seedlings were thinned and one seedling was maintained in 
each pot. After 125 days, the plants were uprooted and the spores were 
isolated by wet sieving and decanting method from the pot soil and the 
roots were stained and examined for the AM colonization. The spores. 
hyphal fragments and small plant root segments were then used for 
further experiments. The population of different AM fungi in the 
inoculum was assesed by the most probable number method (Porter, 
1979). 
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Inoculation of AM fungus 
In order to select efficient AM inoculant for tomato, the 
AM fungi recovered from agricultural fields were evaluated for their 
efficiency in improving the performance of the crop (tomato: var. Pusa 
Ruby). The following AM fungi were used in this experiment Glomus 
mosseae. G. fasciculatum, G. aggregatum, G. constrictum, Acaulospora 
scrobiculata and Gigaspora gigantea 
Seedlings of tomato {Lycopersicon esculentum Mill.) cv. Pusa 
Ruby were raised in clay pots (25 cm diam.) from seeds surface sterilized 
with - 0.01% mercuric chloride. The surface sterilized seeds were sown in 
the pots filled with autoclaved sandy loam soil (66% sand , 24% silt, 8% 
clay, 2%0M, pH 7.7) and one - week - old seedling were transplanted in 
15 cm diam. pots. In each pot filled with 920 g sterilized soil; 80g soil 
with AM inoculum was added later to make the amount of soil 1 kg/pot. 
Before transplantation of seedlings, the mycorrhizal inoculum of 
different AM fungi was separately placed below the seedling by the 
layering method ( Menge et al., 1977). The inoculum was spread as a 
layer at a depth of 3-5 cm in the pot at the time of planting. The seedlings 
were recovered with a layer of soil to ensure the development of an 
efficient host fungus association. The inoculum consisted of a mixture of 
infected root segments and soil with extramatrical hyphae and spores 
(1000 spores /pot) from cultures of different AM fungi maintained on 
Rhode's grass, as described earlier. For each treatment 15 replicates were 
maintained. A control series was also maintained where no inoculum of 
AM fungi was added to the soil. Pots were watered appropriately and 
maintained in a glass house bench with air temperature ranging from 30 ± 
2°C. 
The plants were examined 20, 40 and 60 days after the 
transplantation for determining the plant growth, mycorrhization and 
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nutrient status of the plants. The samples of the roots and soil were 
processed as described earlier in Section I. Mycorrhization was recorded 
in terms of mycorrhizal intensity in roots i.e., external colonization 
percentage, internal colonization percentage, percent arbuscules, average 
number of chlamydospores in 1 cm root segment and number of spores 
recovered from 100 g dry rhizosphere soil. All the data related to growth 
of shoots and roots, root infection, spore population and nutrient contents 
were analyzed statistically by the method of Panse and Sukhatme (1985). 
Minimum difference required for significance (CD) at 5% level was 
calculated by the ANOVA model given in appendix B. 
The performance of the crop raised with added inoculum of 
selected AM fungal species was compared with that of control and the 
AM fungus causing maximum improvement in the performance over 
control was selected as efficient AM inoculent for the tomato var. Pusa 
Ruby. 
Parameters studied 
During experimentation the following parameters were determined 
for each treatment of the experiments at different growth periods 
Shoot and root lengths 
Fresh and dry weights of shoot and root 
Per cent nitrogen, phosphorous and potassium content of plant. 
Mycorrhization in term of: 
External and internal colonization percentage, per cent 
arbuscules, average number of spores in one cm root segment and 
number of spores recovered from 100 g dry rhizosphere soil. 
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Plant growth parameters 
Length, fresh weight as well as dry weight of shoots and roots at 
different stages of growth were recorded for each treatment. Plants of 
each treatment were taken out from the pots and soil particles adhering to 
roots were removed by washing in tap water and properly labelled. In the 
laboratory, lengths of shoot and root were measured by measuring tape 
and fresh weights of shoot and root were determined with the help of a 
physical balance. For determining dry weights of root and shoot, plants 
from each treatment were wrapped in blotting paper sheets, labelled and 
dried in a hot air oven running at 60 °C for 24-48 h till a constant weight 
is obtained. 
Root colonization and the spore estimation 
At the termination of the experiments root colonization in term of 
percentage external and internal colonization, per cent arbuscules, 
average number of spores (in one cm root segment) of the plants by AM 
fungus and estimation of spores (in 100 g rhizosphere soil) in the same 
soil samples were used for assessment of the root colonization, as 
described in the section I. 
Plant analysis 
Plant samples of each treatment from the glasshouse experiment 
were processed for estimating phosphorus (P), nitrogen (N) and potassium 
(K) contents of shoots and roots. 
Estimation of nitrogen, phosphorus and potassium: 
For estimation of nitrogen, phosphorus and potassium in plant 
materials (shoot + root) from each treatment, samples were digested in the 
following way. Estimations were done from the mixed powder of plants 
of various treatments, in a given experiment. Hundred mg of oven dried 
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dense fumes were given off and the contents turned black. Then 0.5ml of 
pure 30% HjOj was added after 15 min. of cooling. Heating was 
continued till the colour changed to light yellow. Extract was heated 
again for half an hour and cooled for 10 min. for getting it clear and then 
3-4 drops of 30% HjOj was added drop wise followed by heating for 15 
minutes. After that, the digested material was transferred in 100 ml 
volumetric flasks with 3-4 washings and volume was made upto capacity. 
This digested material was used for estimating N, P and K, (Linder, 
1944; Lundegardh, 1951) 
Nitrogen 
Prior to estimating nitrogen present in the digested plant material, 
standard curve was prepared by the following method. 
Nitrogen standard curve 
Different dilutions in 10 test tubes (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9 and 1.0 ml) were made from the solution prepared by dissolving 
0.236g of ammonium sulphate in 100 ml of distilled water. The volume 
was then made upto 5 ml in each test tube by adding distilled water. A 
control was also run side by side. After that 0.5ml Nesseler's reagent 
was added followed by 5 ml of distilled water. Per cent transmittance 
was read at 525nm from spectrophotometer on developing yellow orange 
colour after half an hour. Then a curve was drawn between concentration 
in X axis and O.D obtained in Y axis 
Estimation ofN in plant material 
An aliquot of 10 ml was transferred to 100 ml volumetric flask to 
which 2ml of 2.5N NaOH was added so as to neutralize the excess of 
acid. 10% sodium silicate was added to prevent turbidity. The volume 
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was made upto capacity. 5ml of aliquot was taken in three test tubes 
followed by the addition of 0.5ml of Nesseler's reagent with shaking. 
Then 10 ml volume was made by adding distilled water. After waiting for 
5 min, the per cent transmittance was read at 525 nm. The concentration 
was read with the help of O.D. from standard curve (Linder,1944). 
Phosphorus standard curve 
Different dilutions of potassium dihydrogen orthophosphate 
(KH.POJ viz., 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml 
concentrations were taken into separate test tubes and final volume was 
made upto 5 ml by adding required amount of distilled water. One ml 
ammonium molybdic acid and 0.4 ml of 1-amino 2-nepthol 4-sulphonic 
acid were added in each test tube and the volume was made upto 10 ml 
with distilled water. After half an hour, the percent transmittance was 
read at 625nm. Standard curve was drawn between concentration and 
O.D. in X and Y axis respectively. 
Estimation of P in plant materials 
Five ml of aliquot of digested plant material was taken in three test 
tubes, to which 5 ml of distilled water was added. After that 1 ml of 
ammonium molybdic acid was added, with shaking, followed by addition 
of 0.4 ml of 1-amino 2-nepthol 4-sulphonic acid and the volume was 
made upto 10 ml. The control was run side by side and per cent 
transmittance was read at 625 nm. after half an hour. The P 
concentrations in plant materials was calculated from the standard graph 
using O.D. (Fiske and Row,1925) 
Potassium standard curve 
Potassium was estimated using flame photometer. Different 
dilutions of potassium chloride viz., 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ppm 
were prepared by dissolving -91 mg of oven dried KCl in 100 ml of 
distilled water and diluting 0, 1,2, 3, 4, 5, 6, 7, 8, 9 and 10 ml of the 
L( Ace. No '» 
^ : * J i t ^ w > i ^ - - ' - ' . ^ f\d 
stock solution to lOOml. The flame photometer was calibrated to zero 
using distilled water and to 100 using 10 ppm KCl solution and readings 
for other standard solutions were taken. A standard graph was drawn 
taking concentration in X axis and readings obtained from the flame 
photometer in Y axis. 
Estimation ofK in plant materials 
The digested plant materials were diluted with distilled water so as 
to maintain the K concentration in the final solution ranged between 2 to 
8 ppm and the reading was taken in the flame photometer and with the 
help of the standard graph, the concentration of K in plant materials was 
calculated. 
RESULTS 
Growth characteristics 
Plant length 
The effect of different AM fungi at the different intervals on plant 
length was examined in terms of shoot, root and total length of the tomato 
plants (Tablell). Shoot length increased as the time intervals after 
inoculation increased from 20 to 60 days. Glomus mosseae treated plants, 
showed increase in shoot at each interval, compared to the control as w ell 
as to those inoculated with Acaulospora scrobiculata and Gigaspora 
gigantea. Shoot lengths of plants inoculated with either A. scrobiculata 
or G. gigantea did not differ from control. Inoculation of tomato plants 
with G. fasciculatum or G. constrictum showed a better performance at 40 
days interval than G. mosseae but at 20 and 60 days of growth intervals, 
all of them promoted almost the same amount of growth. 
The root length was also promoted by G. mosseae at all the growth 
intervals. Treatment of G. mosseae improved the root length to the same 
extent as that of G. constrictum at 40 and 60 days intervals but to a lesser 
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extent at 20 days old seedlings compared to the plants inoculated with G. 
constrictum or G. fasciculatum. G. aggregatum, A. scrobiculata and G. 
gigantea treatments also increased root lengths to a higher level compared 
to control in 60 days old plants, but not in 20 days old seedlings. 
The growth effects due to treatment with AM fungi on total plant 
length are given in table 11. Total plant length in control as well as in 
plants inoculated with either A. scrobiculata or G. gigantea were similar 
and significantly lower compared to the ones treated with G. mosseae 
(Figure 2a). No significant difference in plant length could be observed 
in plants inoculated with A. scrobiculata or G. gigantea compared to 
control as well as to those inoculated with G. aggregatum at 20 days 
interval, but they significantly differed from control at 60 days interval. 
However, their total length was much less than those treated with the 
other three AM fungi namely G. mosseae, G. fasciculatum and G. 
constrictum. 
The extent of growth promoted by G. mosseae and G. constrictum 
did not differ significantly at 20 days interval but later the differences 
were significant. The highest (33%) growth promotion was recorded in 
case of G. mosseae and it was closely followed by G. fasciculatum (32%) 
at 60 days interval. However, on 40 days old plants G. constrictum 
promoted the highest level of growth (27%) followed by G. fasciculatum 
(25%) and G. mosseae (24%) . 
Plant fresh weight 
At all the growth intervals G. mosseae promoted the highest value 
of shoot fresh weight, compared to those treated with the other five AM 
fungi and control, but it was apparently at par with G. constrictum 
inoculated plants. Inoculation of A. scrobiculata and G. gigantea, 
however, resulted in no significant increase in the shoot fresh weight over 
the control at 20 days interval. The fresh weight of plants inoculated with 
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G. gigantea did not differ from control at 40 days interval but slight 
increase in shoot fresh weight occurred at 60 days interval compared to 
control. Inoculation of G. constrictum resulted in higher increase in shoot 
fresh weight than those inoculated with G. aggregatum at 20 and 60 days 
intervals, but not at 40 days. The inoculation of plants with G. 
constrictum and G. fasciculatum resulted in almost similar increase in 
fresh weight upto 40 days, but the former supported a significantly higher 
increase in shoot weight than the latter at the final stage (Table 12). 
At 40 days interval the plants treated with G. mosseae showed 
higher root fresh weight than all the other AM fungi, but it was almost 
equivalent to those plants inoculated with G. constrictum and G. 
aggregatum. At 60 days interval, the root fresh weight was the highest in 
the plants treated with G. mosseae. At 20 days interval, the control plants 
showed root fresh weight equal to those inoculated with G. aggregatum 
and G. gigantea, and at 40 days interval, it was at par with G. 
fasciculatum and A. scrobiculata but significantly superior to G. 
gigantea. Again at 60 days interval, control was apparently equal to 
those G. aggregatum, G. constrictum and G. gigantea (Table 12). 
Ttotal fresh weight of tomato plants was improved by inoculation 
with G. mosseae, although it was at par with G. aggregatum and G. 
constrictum treated plants at 40 days interval. At the final stage of growth 
A. scrobiculata and G. gigantea treatments resulted in significantly 
higher plant fresh weight than control but significantly lower than that of 
G. mosseae inoculated plants (Figure 2a). At all the three intervals G. 
fasciculatum and G. constrictum supported the same value of fresh 
weight. Inoculation of G. mosseae resulted in significant increase in 
total fresh weight percentage of the plants over the control as well as the 
other five AM fungi viz. G. fasciculatum, G. aggregatum, G. constrictum, 
A. scrobiculata, and G. gigantea at all growth intervals. 
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Plant dry weight 
At 60 days interval, G. mosseae inoculation resulted in 
significantly superior shoot dry weight than all others. The inoculation of 
G. mosseae, G. fasciculatum and G. constrictum resulted in almost the 
same amount of shoot dry weight at 40 days interval although G. mosseae 
supported almost the same amount of dry weight in plants inoculated with 
G. fasciculatum at 20 days interval (Tablel3). No significant difference 
in shoot dry weight was recorded in plants inoculated with A. 
scrobiculata or G. gigantea compared to control at 40 and 60 days 
intervals as well as to those treated with G. aggregatum at 20 days growth 
period. However, at ail the three stages of growth the values of shoot dry 
weight remained minimum in control. 
As in all the other cases, G. mosseae supported significantly high 
root dry weight at 60 days interval. The extent of root dry weight 
supported by G. mosseae and G. fasciculatum did not vary to any 
significant level at 40 days interval. Root dry weight in the control plants 
was found to be at par with those inoculated with G. gigantea at 20 days 
interval and also happened to be the same with those inoculated with G. 
aggregatum, A. scrobiculata and G. constrictum at 40 days interval. The 
dry weights of plants inoculated with A. scrobiculata and those of control 
were same at 60 days interval. 
The total dry weight of tomato plants inoculated with G. mosseae 
proved to be significantly high at 60 days growth interval compared to 
other treatments (Figure 2a). No significant difference in total dry weight 
was observed in the plants inoculated with G. mosseae and G. 
fasciculatum at 20 and 40 days intervals. Plants inoculated with G. 
constrictum resulted in significantly high dry weight over that of G. 
fasciculatum and G. aggregatum at 60 days time interval. Apparently 
equal values of plant dry weight was recorded in plants treated with G. 
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Control 
Gg As Gc Ga Gf Gm Control 
Gg As Gc Ga Gf Gm Control 
Gm-Glomus mosseae, Gf-G.fasciculatum, Ga-G aggregalum, 
Gc - G. constnctum. As - Acaulospora scrobiculata, Gg - Gigaspora giganiea 
Figure 2a Effect of different AM fungi on length, fresh and dry weights of tomato plant 
(var PusaRuby) 
85 
constrictum, G. fasciculatum and G. aggregatum at 20 and 40 days 
intervals. Plant dry weight in A. scrobiculata and G. gigantea inoculated 
plants proved to be equivalent to each other and to control at the final 
stage of growth. The highest total plant dry weight was supported by G. 
mosseae at all the three intervals, which was closely followed by G. 
fasciculatum and G. constrictum at 20 and 40 days intervals. However, at 
60 days old plants, the dry weight of the plants inoculated with G. 
mosseae was followed by G. constrictum and G. fasciculatum (Table 13). 
Nutrient status 
No significant difference in N contents was noted in plants 
inoculated with G. constrictum (1.75%), A. scrobiculata (1.64%) and G. 
gigantea (1.67%) compared to control (1.60%) at 20 days interval but 
there values dropped to significant levels compared to G. mosseae 
(1.92%) G. fasciculatum (1.86%) and G. aggregatum (1.80%). At 40 
days interval, N contents in plants inoculated with G. aggregatum 
(1.90%) A. scrobiculata (1.98%) and G. gigantea (2.00%) were found to 
be almost the same (Figure 2b). The highest N content was observed in 
the plants inoculated with G. constrictum (2.49%) followed by the G. 
mosseae (2.31%) G. fasciculatum (2.29%) and G. aggregatum (2.10%) at 
40 days interval. There was no significant difference in the N contents of 
the plants inoculated with G. aggregatum(2.QQ%) A. scrobiculata (1.88%) 
and G. gigantea (1.97%) compared to control (1.87%) at 60 days interval 
but the values increased in the plants inoculated with the other three AM 
fungi compared to control. Maximum N content was obtained in plants 
treated with G. constrictum (2.23%) but the difference being 
insignificant to those obtained with G. mosseae (2.18%) and G. 
fasciculatum (2.15%) inoculated plants. At the final stage of growth, all 
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the three AM fungi proved to be equally efficient in this regard (Table 
14). 
The P contents of the plants inoculated with G. mosseae was the 
maximum (0.389,0.419 and 0.366%) in all the three intervals of growth. 
Inoculation of G. mosseae and G. fasciculatum resulted almost in the 
same amount of P content (0.419and 0.391%) in the plants after 40 days, 
but at the 60 days interval, G. mosseae (0.366%) proved to be at par with 
G. constrictum{Q.2>5\%) in terms of P content values of the plants. The P 
content in the plants treated either with G. fasciculatum (0.344%) or G. 
aggregatum (0.363%) were significantly high compared to the plants 
inoculated with G. constrictum (0.252%),^. scrobiculata (0.389%) and G. 
gigantea (0.286%) but were significantly lower to those inoculated with 
G. mosseae (0.389%) at 20 days interval. No significant difference was 
recorded in P contents of the plants treated with G. consthctum(0.252%) 
and G. gigantea (0.286%) compared to control (0.276%) at 20 days 
interval but it was significantly low against A. scrobiculata treatment 
(0.309%). Phosphorus contents in the plants treated with G. constrictum 
(0.388%), A. scrobiculata (0.352%) and G. gigantea (0.325%) did not 
differ significantly from that of control (0.322%) at 40 days interval. At 
the 60 days old plants P content in plants with G. aggregatum (0.322%), 
G. fasciculatum (0.289%) A. scrobiculata (0.324%) and G. gigantea 
(0.303%) was same but it was significantly lower than those inoculated 
with G. mosseae (0.366%) or G. constrictum (0.351%) (Figure 2b). 
At 20 days interval, K content of G. mosseae (2.21%) treated plant 
was at par with G. fasciculatum but proved significantly inferior to those 
inoculated with others. No significant difference occurred in K contents 
of G. mosseae inoculated plants (2.30%) and those inoculated with G. 
constrictum (2.26%) at 40 days interval. Similarly no significant 
difference was recorded in K contents of the plants inoculated with G. 
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Figure 2b Effect of different AM fiingi on nitrogen, phosphorus and potassium content 
of tomato plant (var Pusa Ruby) 
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mosseae (2.05%) or G. constrictum (2.10%) at 60 days interval (Figure 
2b). The K contents of the plants inoculated with either A. 
scro6icu/afa(l.68% and 1.96 %) or G. gigantea (1.55% and 1.95%) did 
not differ to any significant level compared to control(1.52% and 1.95%) 
at 20 and 40 days intervals and it was however significantly lower to all 
the others. At the final stage the control (1.54%) and the plants treated 
with A. scrobiculata (1.58%) did not show any significant difference in 
their K content (Table 14). 
Mycorrhization 
The mycorrhization of AM fungi was estimated by using five 
parameters as given in the table 15. The values for all the parameters in 
plants inoculated with G. mosseae was higher than all the other 
treatments except the number of chlamydospores (352/1 OOgsoil) at 20 
days interval and per cent arbuscules (33.00) at 60 days interval. The 
values of mycorrhization in case oiA. scrobiculata and G. gigantea were 
lesser than the other AM fungi viz. G. mosseae, G. fasciculatum, G. 
aggregatum, G. constrictum. The values in case of mycorrhization in G. 
fasciculatum, G. aggregatum, and G. constrictum treated plants fluctuated 
between G. gigantea and G. mosseae treatments (Table 15). The highest 
percentage of outer colonization (80.4%), internal colonization, (68.4%), 
arbuscules (55.4%) and the average number of spores in one cm root 
segment (42.8) was recorded in plants treated with G. mosseae which was 
followed by G. constrictum 70.0, 48.0 and 35.6% respectively at 40 days 
interval. Almost similar pattern of mycorrhization was observed in G. 
mosseae and G. constrictum inoculated plants at 20 and 60 days intervals. 
G. mosseae inoculated plants also resuhed in the highest spore population 
in lOOg soil/pot (352, 336 and 925) compared to all the other AM fungi at 
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all the three intervals, and it was closely followed by G. constrictum (227, 
316 and 788). 
DISCUSSION 
In the present study, it has been found that the mycorrhizal status 
and growth responses are considerably high in all the treatments 
compared to the control and the different strains of AM fungi differ in 
their capacity to promote plant growth and N P K levels. There are wide 
variations in the growth promoting efficiency of different AM fungi and 
their ability to stimulate plant growth and P uptake on soybean (Carling 
and Brown, 1980) and pearl millet (Krishna and Dart, 1984). Better plant 
growth in AMF infected plants could be due to enhanced nutrient contents 
of the plant. Enhanced absorption and accumulation of several nutrients 
such as N, P, K, Zn Mn, Fe. Ca and S infected plants have been reported 
(Bowen et al., 1975; Powell, 1975; Selvaraj et al., 1986 and Dhillion, 
1992). AM fungi also enhance the concentration of different organic 
compounds in root and can improve the productivity of the host plant 
(Selvaraj et al., 1995). Out of the six different AM fungi experimented, 
G. mosseae caused highest increase in dry weight over the control, 
followed by G. constrictum at all the three sampling stages. The results 
of the present study are in agreement with those of Jeffries (1987) who 
found that AM fungi are known to improve plant growth mainly through 
increased P uptake and other nutrients. Growth yield and dry matter 
increase by mycorrhizal fungi have been reported for many crops such as 
barley, onion, soybean, rice and blackgram (Owusu and Mosse, 1979; 
Bagyaraj et al., 1979; Kuo and Hung, 1982; Luis and Brown 1986; Sanni 
1976; Umadevi and Sitaramaiah, 1990). Sundaram and Arangarasan 
(1995) recently reported that out of four cultures of AM fungi, G. 
fasciculatum gave the highest fruit yield in tomato plants. Bagyaraj et al. 
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(1989) reported that different strains of AM fungi have different 
capability to increase the nutrient uptake and plant growth and therefore 
there is a need for selecting the efficient ones. The extent of extra and 
intramatrical mycelia, arbuscules formation and chlamydospore 
population in soil vary with different AM fungal species studied. They 
also vary in their specificity with the host. Root colonization has been 
found to facilitate more host-fungal contact and exchange of nutrients 
resulting in better plant growth. A similar kind of observation has been 
made by Abbott and Robson, (1982). Inoculation of mycorrhizal fungi 
increased the N, P, and K contents of the plants which improved plant 
growth. Improved phosphorus nutrition has been found to decrease the 
membrane permeability which reduces the root exudation (Graham et al., 
1981). Mycorrhizal plants have been found to have higher shoot and root 
dry weights and phosphate content in pigeonpea by Munjunath and 
Bagyaraj (1984) and Ramraj and Shanmugam (1990). Out of the six AM 
fungi investigated G. mosseae promoted better plant growth and nutrient 
contents of the plants than others. G. mosseae inoculated plants also 
showed the highest percentage of intra (80.4) and extramatrical (68.4) 
mycelial, arbuscules (55.4) and spore production (925) compared to 
others. A similar situation has been come across by Abbott and Robson 
(1985). These mycorrhizal mycelia coupled with increased nutrient 
uptake results in the better performance of the mycorrhizal plants. It has 
been established by Rhodes and Gerdemann (1975) that the mycorrhizal 
plants can exploit several times the volume of soil available to a non-
mycorrhizal plant, and achieve more active translocation of minerals 
along the extramatrical hyphae compared to the non-mycorrhizal ones. 
Effectiveness of a fungus has been correlated with its ability to produce 
more external hyphae by Scheltema et al. (1985) as the digestion of the 
arbuscules could not provide the plant with more than 0.065% of the 
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phosphorus that enter the mycorrhizae (Sanders and Tinker, 1973; Cox 
and Tinker, 1976). Polyphosphate granules involved in P transport within 
the fungal cytoplasm have been seen in vacuoles in the inter, and 
intracellular hyphae (Cox et al., 1975) but are no longer observed in the 
finest branches of arbuscules by Callow et al., (1978). These branches 
have been found to contain acid and alkaline phosphates (Gianinazzi et 
al., 1979). 
Glomus mosseae has been found in the present study to be more 
efficient in overall performance including N, P and K status on tomato 
compared to others, and it is followed by G. constrictum. Similarly 
Ramraj and Shanmugam (1990) have come across G. etunicatum to be 
more effective in increasing the shoot dry weight of cowpea. A 
significant response of soybean to AM fungi in phosphorus deficient soil 
has been reported by Raverkar and Tilak (1988) and Ross (1970). Similar 
results have been obtained in cassava by Sulochana et al. (1995), and in 
chickpea by Singh and Verma (1987) where G. fasciculatum and G. 
etunicatum proved to be the most effective ones in the respective crops. 
In the present study, it has been found that G. mosseae support the 
highest plant growth in terms of length and biomass of plants at maturity. 
Biomass production, mycorrhizal colonization, sporulation and nutrient 
contents have also been found to be significantly high in the inoculated 
plants with G. mosseae compared to all the other five AM fungal species. 
It could be, therefore, designated as the potential AMF inoculant in sandy 
clay loam soil for tomato var. Pusa Ruby for the successful plant growth 
and yield. 
SUMMARY 
A study was conducted to screen and select potential arbuscular 
mycorrhizal fungi (AMF) for tomato {Lycopersicon esculentum Mill.) var. 
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Pusa Ruby in sandy clay loam soil of Aligarh. Six different AMF were 
evaluated for their efficacy in term of growth characteristics, nutrient 
status and mycorrhization. Interaction with AMF species resulted in 
higher plant growth parameters, root and shoot biomass and nutrient 
contents (N, P and K). Measurements of plants, harvested at 20, 40 and 60 
days of sampling stages after inoculation showed per cent increase in 
external and internal colonization, per cent arbuscules in roots and 
number of chlamydospores perlOOg rhizosphere soil. Tomato responded 
to its best to inoculation with Glomus mosseae, followed by G. 
constrictum, G. fasciculatum, G. aggregatum, Acaulospora scrobiculata 
and Gigaspora gigantea in terms of plant fresh and dry weight, 
mycorrhizal colonization, sporulation and nitrogen, phosphorus and 
potassium content. Out of the six AM fungi screened, G. mosseae was 
found to be the most efficacious AM fungi for tomato var. Pusa Ruby 
which can be used as biofertilizer and potential biocontrol agent. 
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SECTIOl III 
S E C T I O N III 
Effect of AM fungus, Glomus mosseae and root-knot 
nematode, Meloidogyne incognita on growth and development of 
tomato. 
INTRODUCTION 
The arbuscular mycorrhizal fungi (AMF) are associated with all 
the cultivated crop plants and can significantly increase the nutrient 
uptake (Hayman, 1982, Mosse, 1975). AMF and plant parasitic 
nematodes occur together in the rhizosphere of the plants in association 
with the same root tissue for their growth and development and while 
doing so they exert a characteristic but opposite effect on plants. The 
interaction between AM fungi and plant parasitic nematodes has been 
studied by several workers (Fox and Spasoff, 1972: Sikora and 
Schoenbeck, 1975., Schenck and Kellam, 1978., Bagyaraj et al., 1979., 
Sikora, 1981., Hussey and Roncadori, 1982). 
Concomitant colonization and infection of roots by mycorrhizal 
fungi, pathogens and other microbes inevitably interfere with each other's 
activities (Linderman, 1985). Several studies on interaction have shown 
that AM fungi associations generally induce tolerance to nematode 
susceptible plants (Heald et al., 1989; Cooper and Grandison, 1987; 
Lingaraju and Goswami, 1993) and mitigate the adverse effects of plant 
parasitic nematodes on plant growth (Sikora, 1979; Jain and Sethi, 1987). 
Fox and Spasoff (1972) demonstrated that as little as 10 spores/pot of 
Gigaspora gigantea suppressed the reproduction of Heterodera 
solanacearum on tobacco. Pratylenchus hrachyrus levels on cotton were 
reduced with 250 spores/pot (Hussey and Ronchdori, 1982). Schenck and 
Kellam (1978) obtained reduction in the number of galls of Meloidogyne 
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incognita on soybean with 25 spores of Glomus macrocarpus var. 
macrocarpus. Similarly population of Rolylenchulus reniformis reduced 
by ISO chlamydospores and egg masses and the adult females of M. 
incognita with 300 chlamydospores of Glomus fasciculatum on tomato 
and cotton respectively (Sitaramaiah and Sikora, 1982,1996). In the 
present study, a glasshouse experiment was designed to fmd out the 
individual and concomitant effects of Glomus mosseae and Meloidogyne 
incognita on the growth of tomato plants and their population dynamics. 
MATERIALS AND METHODS 
Plant culture 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (30cm 
diam.) from seeds surface sterilized with 0.01% mercuric chloride. The 
surface sterilized seeds were sown in the pots filled with autoclaved 
sandy loam soil (66% sand, 24% silt, 8% clay and 2% OM) of pH 7.7. 
Root-knot nematode culture 
In the study root-knot nematode, Meloidogyne incognita (Kofoid 
and White) Chitwood, one of the commonest root-knot nematode species 
in the area, was used. Field populations of M. incognita were collected 
from tomato and egg plant, {Solanum melogena L.). Species of root-knot 
nematode, infecting roots of tomato or egg plant in fields were tentatively 
identified on the basis of the characteristics of perineal patterns of the 
females. Roots infected with M. incognita were chopped and added to the 
pots containing sterilized field soil and the tomato plants raised earlier as 
mentioned above (3-weeks-old) were transplanted. After 50 days, 
single egg mass culture of the nematode was established. Seedlings of 
tomato plants were transplanted in clay pots (30cm diam.) containing 
autoclaved soil. Single egg mass of the nematode M incognita obtained 
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from the roots of the plants was added in each pot near the roots of the 
seedlings. The pots were kept in glasshouse at 27 T (±2 °C). 
Subculturing was done approximately every at every 3 months by 
inoculating new tomato seedlings with at least 15 egg masses, each 
obtained from a single egg mass culture in order to maintain sufficient 
inoculum for further experimental studies. 
Identification of the root-knot nematode 
The identity of the root-knot nematode was confirmed by studying 
the characteristics of perineal patterns of females and conducting North 
Carolina differential host test (Eisenback et a/.,1981., Taylor and Sasser, 
1978., Hartman and Sasser, 1985). Fifteen perineal patterns of females of 
each single egg mass population were prepared and their characteristics 
were examined in order to identify the species (Eisenback et a/., 1981). 
For North Carolina differential host test (Taylor and Sasser, 1978, 
Hartman and Sasser, 1985) seedlings of tomato cv.Rutgers, tobacco cv. 
NC95, pepper cv. California Wonder, peanut cv. Florunner, watermelon 
cv.Charleston Grey and cotton cv. Deltapine-61 were grown in clay pots 
(one seedling/pot) having sterilized soil in triplicate. Two additional 
replicates of tomato were included to determine the time of termination of 
the test. 
After determining the number of second stage juveniles (J,) per ml, 
plants in each pot were inoculated with 5000 J,. Juveniles were added to 
a depression made in the soil at the time of transplanting. Inoculated 
plants were kept at glasshouse at 27-30 °C). Fifty to sixty days after 
inoculation, roots were harvested and thoroughly washed with tap water 
and examined for the presence of galls. Roots with very high infection 
were stained with Phloxin B to determine the number of egg masses. 
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Number of galls and egg masses were counted and GI and EMI were rated 
on 0-5 scale; 
0 = 0 
1 = 1-2 
2 = 3-10 
3 = 11-30 
4 = 31-100 and 
5 = more than 100 galls or egg masses per root system (Taylor and 
Sasser, 1978). 
After the rating of root system, results were compared with the 
differential host test reaction chart (Table 16). This confirmed the 
identity of the species determined by the perineal pattern method. 
Preparation of inoculum and inoculation 
Second stage juveniles (J,) of the nematode were used as inoculum 
in the study. Second stage juveniles were obtained by incubating egg 
masses collected from the roots of tomato plants maintaining single egg 
mass culture of M. incognita. Egg masses were incubated in coarse sieve 
fitted with double layered tissue paper and placed on Barman funnel 
containing water. The sieves were then placed in an incubator (temp 25 
"C). After 72h, number of hatched juveniles (J.) were collected in a 
beaker and number of juveniles per ml was standardised by counting the 
juveniles from ten, 1ml samples. Average number of juveniles was then 
calculated to represent the number of juveniles per ml of the suspension. 
For inoculation, the suspension containing J, was taken in 
micropipette controller and added near the roots of the seedlings. The 
holes were covered with soil after inoculation. Nematode inoculation 
density consisted of uniform quantity of suspension containing either 0, 
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250, 500, 1000, 2000, 4000, and 8000 freshly hatched second stage 
juveniles (J^Vpot. 
Preparation of inoculum of the AM fungus 
Glomus mosseae (Nicol & Gerd) Gerdemann & Trappe, inoculum 
was maintained and multiplied on Rhodes grass {Chloris gayana) as in 
section II. 
Inoculation 
For inoculation, inoculum of G. mosseae for each pot consisted of 
uniform quantity of suspension containing 0, 150, 300, 500, 1200 and 
2400 chlamydospores which were retrieved from the soil using wet-
sieving and decanting technique (Gerdemann and Nicolson, 1963) and 
were placed just 3cm below the soil surface. 
Six levels of G. mosseae and seven levels of Meloidogyne 
incognita were used in combination for their effect on plant growth and 
on each other (Table 17). The chlamydospores number as given 
constituted the levels of G. mosseae (designated as GMQ, G M , , GM, , 
GMj, GM4 and GM5). Similarly freshly hatched second stage juveniles 
numbering as above constituted M. incognita levels (designated as MIQ, 
MI,, Ml,, MI3, MI4, MI5 and MIJ. The treatments were replicated five 
times, arranged in a completely randomized block design and maintained 
in a glasshouse at 28-35 "C. The plants were harvested at 60 days after 
inoculation and all the parameters studied in section II were studied along 
with the following additional parameters viz.. Nematode population (both 
in soil and root), number of galls/root system, number of egg masses/root 
system, number of eggs/egg mass (Fecundity) and morphometery of the 
female. Data were analysed statistically using analysis of variance in 
factorial design as mentioned by Fisher (1950) and CD was calculated at 
P = 0.05. Details of the ANOVA model are given in appendix C. 
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Plant growth 
Plant growth parameters and chemical parameters were studied by 
the methods mentioned in section II. 
Galls and egg masses 
At termination of the experiment, roots of harvested plants were 
washed under the tap and examined for the presence of galls. Number of 
galls per root system was counted. Roots were immersed in a aqueous 
solution of Phloxin B (0.15g/lit tap water) for 15 minutes to stain the egg 
masses. Egg masses per root system were counted (Taylor and Sasser, 
1978). 
Fecundity 
The number of eggs per egg mass is known as fecundity. It was 
measured by shaking vigorously 10 egg masses in 5.25 % NaOCl 
solution. The eggs were separated from egg mass and collected over 500 
mesh sieve. From the sieve, eggs were transferred into a beaker and 
0.35% acid fuchsin (in 25% lactic acid) was added into 20 to 25 ml of 
suspension with boiling for 1 minute for staining the eggs. After cooling, 
the eggs were counted and the eggs per egg mass were calculated to find 
out the fecundity. 
Nematode population 
For estimating root population of nematodes (J, -^ i•^ ^ J4, mature 
females ), roots from each replicate was weighed and cut into 1cm length. 
One gram of root pieces was stained with acid fuchsin and lactophenol 
(Byrd et al., 1983). The root pieces were placed between two slides, 
examined under stereoscopic microscope and number of J2 + J3 + J4 
counted. Then total number of J-, + J3 + J4 for the whole root system of 
the replicate was calculated. For counting the number of females, Ig of 
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root pieces were transferred in 5% HNOj and incubated at 25 °C. After 
72h root pieces were gently teased to release the females. The number of 
females/g of root was counted and total number of females for the whole 
root system was calculated (Hussey and Barker, 1973). The means of 
replicates were then calculated. 
The eggs were extracted from the roots of each treatment 
separately by Chlorox method of Hussey and Barker, (1973). Roots from 
each treatment were cut into l-2cm pieces. One gram of the root pieces 
were shaken vigorously in 200 ml of 1.0% NaOCl solution for 1 to 4 
minutes. Then NaOCl solution was passed through a 200 mesh sieve, 
rested over a 500 mesh sieve to collect free eggs. After this 500 mesh 
sieve with eggs was placed under a stream of cold water to remove 
residual NaOCl (rinsed for several minutes). The rinsed roots were put 
under water to remove additional eggs and were collected by sieving. 
The number of eggs was then counted in counting dish under stereoscopic 
microscope. The total number of eggs was calculated by multiplying the 
number with the fresh weight of the root in the treatment. Soil population 
(J, + male) of the nematode was estimated by modified Cobb's sieving 
and decanting technique (Southey, 1986). 
Morphometries of the females of M. incognita 
For the measurement of different body characters, 20 mature 
females were dissected out from the galled roots of each nemaiode-
inoculated treatments. The females were killed and fixed in FAA and 
stained in 0.1% acid fuchsin-lactophenol solution and later kept in plain 
lactophenol solution for 24h for clearing the females. Thereafter, the 
females were placed in cavity slides and examined under stereoscopic 
microscope. Length and width of the body, neck length and width and 
stylet length were measured with ocular micrometer scale. The scale of 
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ocular micrometer was later calibrated with micrometer slide scale. The 
values of measured parameters were calculated in micrometer (^m) 
The data collected for morphometries were statistically analysed 
as under to determine the degree of authenticity of results. 
Standard deviation (S.D) 
Standard deviation is a measure of fluctuation in a population 
produced as a result of chance factors of sampling from the same 
population. S.D, for each parameter of morphometries were calculated by 
the following formula 
(x-x,)' + (x-x^y + ... + {x-x^y-
S.D. = ± 
N-1 
where, 
X = Mean of observations i.e. arithmetic mean 
X,, Xj, ... XN= observations 
N = Number of observations 
Coefficient of variation (C.V) 
This measures the relative magnitude of variation present in 
observations relative to the magnitude of their arithmetic mean. It is 
defined as the ratio of S.D. to arithmetic mean expressed as percentage 
SD 
C.V. = X 100 
X 
Data presented in the tables of the morphometries are in the form of Mean 
± S.D and C.V. Like other parameters, CD was calculated for 
morphometries also using the mean values obtained for each replicates. 
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RESULTS 
Growth characteristics 
Plant length 
The combined effect of Meloidogyne incognita and Glomus 
mosseae was studied at different levels of inoculum of the nematode and 
the mycorrhizal fungal spores. The nematode caused adverse effect on 
growth of tomato plants, while the AM fungus G. mosseae promoted their 
shoot and root growths. When both were applied together, the adverse 
effect of the nematode was reduced to some extent by the AM fungus 
(Table 18). The addition of AM fungal spores had reduced the adverse 
effect of the nematode at all population levels studied ie., from 250 to 
8000 J2 / plant, which was proportional to the AM fungal spores / plant. 
For example at 250 Jj level, the shoot length was reduced by 1.42% while 
the reduction was 32.57% at 4000 Jj / plant. At the same level of the 
nematode, the addition of spores (1200/plant) shoot length increased by 
35.69% over the control. Further addition of spores i.e., 2400 / pot did 
not bring any significant increase in shoot length at 40001, level of 
nematode population, but it did support a better growth rate at 2000J, 
level of the nematode. 
Similar trend was observed for root length and total length, the 
maximum effect of nematode was exhibited by a population of 8000J,. 
resulting in a loss of 26.42 per cent in root length. This loss was 
completely eliminated when the culture medium was supplied with 1200 
spores/plant, resulting in a gain of 11.92 per cent instead a loss of 26.42 
per cent. 
The nematode caused a loss of 26.47 per cent in the total plant 
length (Figure 3a). This loss was totally overcome when the fungal 
spores where applied at the rate of 1200/plant and a gain of 31.38 per 
cent in total length resulted. 
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Table. 18. Interaction effect of spore density of mycorrhizal fungus Glomus mosseae 
and population of nematode Meloidogyne incognita on the length of tomato 
plants 
Spore 
Density 
No./pot 
Control 
150 
300 
600 
1200 
2400 
Mean 
CD 
Spore 
Densit>' 
\o./pot 
Control 
150 
300 
600 
1200 
2400 
Mean 
CD 
Spore 
Density 
No./pot 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
35.3 
39.0 
41.7 
46.2 
46.8 
49.7 
43.1 
G. 
Control 
19.3 
19.6 
19.6 
21.0 
21.7 
21.6 
20.5 
G. 
Control 
52.9 
58.6 
63.4 
65.7 
68.7 
70.5 
63.3 
250 
34.8 
38.2 
42..3 
45.8 
47.9 
48.7 
43.0 
mosseae = 
250 
18.7 
19.2 
19.7 
20.7 
21.9 
21.3 
20.3 
mosseae -
250 
53.5 
57.4 
62.0 
66.5 
69.8 
70.0 
63.2 
Shoot length (cm) 
Nematode inoculum density (Jj) 
500 
31.7 
35.9 
41.7 
46.0 
48.2 
47.7 
41.9 
= 2.9 
1000 
27.8 
33.7 
39.4 
44.7 
47.3 
. 48.3 
40.2 
M. int 
2000 
25.9 
30.8 
35.6 
42.7 
49.0 
46.8 
38.5 
cognita —'. 
Root length (cm) 
4000 
24.7 
29.7 
33.2 
40.8 
47.9 
46.9 
37.1 
3.1 
Nematode inoculum density (Jj) 
500 
17.3 
16.9 
19.3 
19.9 
22.3 
21.8 
19.6 
= 1.3 
1000 
16.4 
17.2 
18.7 
20.3 
21.8 
20.7 
19.2 
2000 
15.9 
15.7 
16.8 
19.6 
20.5 
22.0 
18.4 
M. incognita = 
Total length (cm) 
4000 
15.8 
15.1 
15.9 
18.5 
21.6 
20.3 
17.8 
1.4 
Nematode inoculum densit>' (Jj) 
500 
49.0 
52.8 
61.0 
65.9 
70.5 
69.5 
61.5 
1000 
44.2 
50.9 
58.1 
65.0 
69.1 
69.0 
59.4 
2000 
41.8 
46.5 
52.4 
62.3 
67.3 
71.0 
56. 
4000 
39.6 
44.8 
49.1 
59.3 
69.5 
67.2 
54.9 
8000 
23.8 
29.3 
32.0 
38.2 
44.6 
45.3. 
35.7 
Mean 
29.1 
33.8 
38.0 
43.5 
47.1 
47.9 
Interaction = 5.8 
8000 
14.2 
14.4 
16.3 
17.3 
19.3 
19.8 
16.9 
Mean 
16.8 
16.9 
18.0 
19.6 
21.3 
21.1 
Interaction = 2.6 
8000 
38.9 
43.7 
48.3 
55.5 
63.9 
65.1 
52.6 
Mean 
45.7 
50.7 
56.4 
62.9 
68.4 
68.9 
CD G. mosseae = 3.8 M. incognita = 4.0 Interaction = 7.6 
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Plant fresh weight 
The interaction effects of M. incognita and G. mosseae on the 
fresh weight of shoots and roots are given in table 19. Shoot fresh weight 
gradually declined with the increase in the number of nematodes (Jj) per 
plant. No significant reduction in fresh weight of the plant occurred at 
250 and 500 J2 inoculum levels compared to control, but it became 
significant when the nematode number was increased to a higher level. 
Effect of G. mosseae^ on the other hand, was found to be increasingly 
positive with the growing number of spores, although it was not 
significant at 150 level. 
As in case of shoot length, the interaction effect of M. incognita 
and G. mosseae on simultaneous inoculation, caused a nullifying effect on 
the nematode in relation to shoot fresh weight. The maximum interaction 
effect (44.87 per cent) was found at 4000 J2 level with 1200 spore 
application per plant. Higher level of spores ie., 2400/plant did not bring 
out appreciable change in the shoot fresh weight. 
More or less similar trends were obtained with the root fresh 
weight as well as the total fresh weight of the plant (Figure 3a). G. 
mosseae promoted the root fresh weight at all the spore levels ie., from 
150 to 2400/plant. The root fresh weight was marginally reduced at 250J-, 
level of M. incognita and it increased at higher nematode levels bringing 
about significant reduction with the maximum (37.23), occurring at 4000 
J, level (Table 19). 
Plant dry weight 
The data on shoot, root and total dry weights are given in table 20. 
Inoculation of M. incognita caused decrease in the dry weight of the test 
plant. But was not significant at both 250 and 500 J, levels. Significant 
reduction occurred when nematode number was increased above 500 J, 
level (Figure 3a). In all the three cases of weight analysis, 4000 and 8000 
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Table. 19. Interaction effect of spore density of mycorrhizal fungus Glomus mosseae 
and population of nematode Meloidogyne incognita on the fresh weight of 
tomato plants 
Spore 
Density 
No./pot Control 250 
Shoot fresh weight (g/plant) 
Nematode inoculum density (Jj) 
500 1000 2000 4000 8000 Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
26.3 
28.0 
32.7 
36.0 
38.7 
41.0 
33.8 
25.8 
27.5 
31.2 
35.9 
39.6 
40.1 
33.4 
24.9 
25.9 
30.6 
36.4 
40.2 
39.8 
33.0 
22.1 
23.8 
29.4 
33.9 
38.6 
37.5 
30.9 
20.8 
22.9 
26.3 
32.8 
37.3 
38.2 
29.7 
19.3 
21.5 
24.1 
31.5 
38.1 
37.3 
28.6 
19.5 
20.9 
22.9 
32.0 
37.1 
36.8 
28.2 
22.7 
24.4 
28.2 
34.1 
38.5 
38.7 
CD 
Spore 
Density 
No./pot 
G. mosseae = 
Control 250 
= 1.9 M. incognita = 2.0 
Root fresh weight (g/plant) 
Nematode inoculum density (Jj) 
500 1000 2000 4000 
Interaction = 3.8 
8000 Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
9.4 
10.3 
11.4 
13.6 
14.9 
15.6 
12.5 
9.2 
10.4 
11.6 
13.2 
14.8 
15.3 
12.4 
8.2 
9.8 
11.0 
12.9 
13.7 
14.9 
11.8 
7.6 
8.7 
10.3 
11.9 
14.3 
14.4 
11.2 
6.9 
7.9 
9.5 
10.8 
12.8 
15.0 
10.5 
5.9 
6.3 
8.2 
10.3 
12.1 
14.3 
9.5 
6.1 
6.5 
7.6 
9.7 
12.5 
13.9 
9.4 
7.6 
8.6 
9.9 
11.8 
13.6 
14.7 
CD 
Spore 
Density-
No./pot 
G. mosseae = 
Control 250 
= 0.6 M. incognita =• 0.7 
Total fresh weight (g/plant) 
Nematode inoculum density (Jj) 
500 1000 2000 4000 
Interaction = 1.2 
8000 Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
CD 
35.4 
38.3 
41.9 
50.8 
53.8 
54.6 
45.8 
G. 
35.0 
37.9 
42.8 
49.1 
54.4 
55.4 
45.8 
mosseae = 
33.1 
35.7 
41.6 
49.3 
53.9 
55.7 
44.9 
= 2.2 
29.7 
32.5 
39.7 
45.8 
52.9 
51.9 
42.1 
M. inc 
27.7 
30.8 
35.8 
43.6 
50.1 
53.2 
40.2 
ognita = 
27.2 
27.3 
32.3 
41.8 
50.2 
51.6 
38.2 
2.4 
25.6 
27.4 
30.5 
41.7 
49.6 
53.7 
38.1 
Interaction 
30.3 
32.9 
37.8 
46.0 
52.2 
53.8 
= 4.4 
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Table.20. Interaction effect of ^ r e density of mycorrhizal fungus Glomus mosseae 
and population of nonatode Meloidogyne incognita on the dry weight of 
tomato plants 
Spore 
Density 
No^pot 
Control 
150 
300 
600 
1200 
2400 
Mean 
CD 
Spore 
Density 
No./pot 
Control 
150 
300 
600 
1200 
2400 
Mean 
CD 
Spore 
Density 
No./pot 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
6.11 
6.29 
7.35 
8.29 
9.38 
9.66 
7.85 
G. 
Control 
2.11 
2.26 
2.59 
3.10 
3.29 
3.46 
2.80 
G. 
Control 
8.01 
8.77 
10.08 
11.50 
12.73 
12.95 
10.67 
250 
6.04 
6.38 
7.30 
8.43 
9.42 
9.56 
7.86 
mosseae = 
250 
2.06 
2.31 
2.68 
3.01 
3.38 
3.50 
2.83 
mosseae = 
250 
8.10 
8.69 
9.98 
11.44 
12.80 
13.06 
10.67 
Shoot dry weight (g/pl; ant) 
Nematode inoculum density (Jj) 
500 
5.76 
5.91 
7.13 
8.65 
9.53 
9.41 
7.73 
= 0.36 
Root 
1000 
5.11 
5.46 
6.81 
7.93 
8.64 
8.56 
7.09 
2000 
4.79 
5.27 
6.00 
7.13 
8.88 
8.79 
6.91 
M. incognita = 
t dry weight (g\pli 
4000 
4.36 
4.86 
5.55 
7.31 
9.00 
8.86 
6.65 
0.39 
ant) 
Nematode inoculum density (Jj) 
500 
1.78 
2.11 
2.46 
2.93 
3.19 
3.43 
2.65 
= 0.09 
1000 
1.62 
1.75 
2.08 
2.46 
3.11 
3.08 
2.35 
2000 
1.33 
1.59 
1.96 
2.43 
3.20 
3.19 
2.28 
4000 
1.13 
1.26 
1.79 
2.23 
2.79 
3.26 
2.08 
M. incognita = 0.10 
Total dry weight (g/pl ant) 
Nematode inoculum densit}' (Jj) 
500 
7.54 
8.02 
9.59 
11.58 
12.72 
12.84 
10.38 
1000 
6.73 
7.21 
8.89 
10.39 
11.75 
11.64 
9.44 
2000 
6.12 
6.86 
7.96 
10.16 
12.08 
11.98 
9.19 
4000 
5.49 
6.12 
7.34 
9.54 
11.79 
12.06 
8.72 
8000 
4.21 
4.76 
5.21 
7.50 
8.61 
8.88 
6.53 
Interaction 
8000 
1.10 
1.39 
1.63 
2.11 
2.83 
3.11 
2.03 
Interaction 
8000 
5.31 
6.15 
6.84 
9.61 
11.44 
11.99 
8.56 
Mean 
5.20 
5.56 
6.48 
7.98 
9.05 
9.09 
= 0.72 
Mean 
1.56 
1.82 
2.17 
2.61 
3.11 
3.29 
= 0.18 
Mean 
6.75 
7.41 
8.67 
10.60 
12.19 
12.36 
CD G. mosseae = 0.41 M. incognita = 0.44 Interaction = 0.82 
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Figure 3a Interaction effect of spore density of mycorrhizal fungus Glomus mosseae 
and population of nematode Meloidogyne incognita on plant length, fresh 
and dry weights of tomato plant 
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Jj produced the same degree of reduction. G. mosseae produced 
beneficial effect by promoting the plant dry weights. Shoot, root and 
total dry weights were enhanced significantly as the spore number was 
increased up to 2400 from 150. No significant difference was recorded in 
shoot as well as in total dry weight of the plant between 1200 and 2400 
spores/plant levels, where as, in case of root significantly high dry weight 
was obtained in the plants inoculated with 2400 spores than that of 1200 
spores / plant. In the combined inoculation culture, the interactive effect 
was found to be consistent as it happened in case of the other parameters 
already described. The maximum loss of dry weights caused by M 
incognita amounted to 31.07, 47.87 and 33.71 per cent respectively in 
shoot, root and total plant weight at the population level of 8000 J. per 
plant. This loss in all the three cases was totally overcome by the 
addition of 2400 spores of G. mo^^eae/plant which resulted in a gain of 
44.34, 47.39 and 49.69 per cent in case of shoot, root and total dry 
weight respectively. 
Nutrient status 
In general M. incognita reduced the N, P and K contents of the 
plants at different levels of inoculum, but this variation in nutrient 
contents was not significant, while G. mosseae treatments improved the 
nutrient status significantly (Figure 3b). The nitrogen and phosphorus 
contents increased significantly when spore concentration of G. mosseae 
was kept at 300 and above per plant, while the potassium contents 
improved to a significant level when the spore concentration was 
maintained at 600 and above per plant (Table 21). 
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Table.21. Interaction effect of spore density of mycorrhizal fungus Glomus mosseae 
and population of nematode Meloidogyne incognita on the N, P and K 
content of tomato plants 
Spore 
Density 
No./pot Control 250 
Nitrogen content (%) 
Nematode inoculum dmsity (Jj) 
500 1000 2000 4000 8000 Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
1.83 
2.08 
2.23 
2.19 
2.31 
2.24 
2.15 
1.92 
2.11 
2.19 
2.21 
2.16 
2.38 
2.16 
1.79 
1.98 
2.06 
2.04 
2.21 
2.29 
2.06 
1.86 
2.02 
2.19 
2.16 
2.28 
2.06 
2.10 
1.72 
1.91 
2.09 
2.24 
2.15 
2.28 
2.08 
1.66 
1.81 
2.19 
2.00 
2.22 
2.16 
2.01 
1.77 
1.88 
2.03 
2.14 
2.19 
2.26 
2.05 
1.80 
1.97 
2.14 
2.14 
2.22 
2.24 
CD G. mosseae = 0.19 M. incognita = NS Interaction = NS 
Spore 
Density 
No./pot Control 250 
Phosphorus content (%) 
Nematode inoculum density (J^ ) 
500 1000 2000 4000 8000 Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
0.275 
0.302 
0.326 
0.336 
0.364 
0.359 
0.327 
0.261 
0.296 
0.319 
0.322 
0.361 
0.348 
0.318 
0.281 
0.294 
0.311 
0.322 
0.356 
0.369 
0.322 
0.259 
0.306 
0.292 
0.339 
0.354 
0.341 
0.315 
0.264 
0.282 
0.306 
0.311 
0.342 
0.359 
0.310 
0.251 
0.285 
0.296 
0.308 
0.369 
0.361 
0.312 
0.265 
0.294 
0.281 
0.299 
0.352 
0.356 
0.308 
0.265 
0.294 
0.304 
0.319 
0.357 
0.356 
CD 
Spore 
Density 
No./pot 
G. mosseae = 
Control 250 
= 0.03 M. incognita = NS 
Potassium content (%) 
Nematode inoculum densit>' (Jj) 
500 1000 2000 4000 
Interaction = NS 
8000 Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
CD 
1.59 
1.68 
1.89 
1.99 
2.15 
2.20 
1.92 
G. 
1.46 
1.72 
1.79 
1.96 
2.21 
2.15 
1.88 
mosseae = 
1.60 
1.62 
1.69 
2.01 
1.96 
2.22 
1.85 
= 0.28 
1.56 
1.52 
1.61 
1.88 
2.16 
2.16 
1.82 
1.46 
1.53 
1.54 
1.89 
2.00 
2.04 
1.74 
M. incognita = 
1.32 
1.49 
1.55 
1.90 
1.92 
2.19 
1.73 
=NS 
1.41 
1.55 
1.46 
1.79 
2.01 
2.16 
1.73 
Interaction 
1.49 
1.59 
1.65 
1.92 
2.06 
2.16 
= NS 
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Figure 3b. Interaction effect of spore density of mycorrhizal fungus Glomus 
mosseae and population of nematode Meloidogyne incognita on N, P 
and K content of tomato plant. 
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Mycorrhization 
The effect of M. incognita on the growth and development of G. 
mosseae was studied. G. mosseae extensively colonized the tomato 
plants when inoculated with spores. The external colonization percentage 
(A) (Table 22) increased significantly with the increasing number of 
spores/plant (ie., 2400>1200>600>300>150>cntrol). In their concomitant 
inoculation increasing inoculum density of the nematode proportionately 
affected the mycorrhization resulting in an appreciable reduction in the 
external colonization (Figure 3c). The colonization declined to 19.9% 
from 30 per cent at the spore level of 150/plant when the nematode level 
was raised to 8000 Jj from 250. With the increasing spore concentration, 
from 150 to 2400/plant the per cent colonization increased to 67.4% at 
the level of 250 J2. Similarly at all the levels of nematode inoculum 
density the raising concentration of spore/plant resulted in a higher 
percentage of colonization (Table 22). 
The internal colonization increased with the increasing level of 
spore concentration, from, 30.2% to 48.4%, when the spores increased 
from 150-1200/plant (Figure 3c). As in the case of external colonization, 
the internal colonization also showed the same trend of results with the 
increasing inoculum density of nematode and the AM spore/plant (Table 
22). 
The development of arbuscules followed the same trend as that of 
external and internal colonization in concomitant inoculation studies 
(Table 22). However, the results did not vary significantly, particularly 
in the interaction studies as well as in the nematode effect on the 
arbuscules. 
The number of chlamydospores per centimeter root length also 
depicted a similar trend of result as that of arbuscules (Table 22). The 
number of chlamydospores in lOOg rhizosphere soil occurred to the 
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Table 22. Interaction efTect of spore density of myconiiizal fungus Glomus mosseae and population of 
nematode Meloidogyne incognita on mycorriiizadon of C mosseae in tomato plants 
Spore 
Density 
No7pot Control 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
ISO 
300 
600 
1200 
2400 
Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
0.0 
29.6 
38.3 
51.8 
63.4 
65.2 
41.4 
0.0 
36.2 
45:1 
40.6 
52.3 
51.6 
37.6 
0.0 
30.6 
39.1 
37.8 
43.1 
41.6 
32.0 
0.0 
21.6 
23.0 
25.2 
27.1 
29.0 
21.0 
0 
717 
716 
729 
735 
827 
621 
250 
0.0 
30.0 
39.0 
53.0 
62.4 
67.4 
43.6 
0.0 
35.2 
47.2 
39.6 
51.8 
52.9 
37.8 
0.0 
31.8 
40.5 
35.9 
41.3 
43.8 
32.2 
0.0 
22.3 
22.8 
24.4 
26.2 
28.2 
20.7 
0 
713 
706 
729 
735 
827 
645 
G. mosseae 
M. incognita 
Interaction 
A-• External colonization (%; 
Nematode inocuimn density (J2) 
500 
0.0 
28.0 
40.0 
48.4 
60.5 
66.8 
40.6 
B 
0.0 
32.2 
33.6 
32.3 
42.1 
43.6 
30.6 
0.0 
24.8 
38.7 
39.6 
37.6 
39.8 
30.1 
1000 
0.0 
24.2 
36.9 
42.6 
57.4 
69.1 
38.4 
2MM 
0.0 
26.6 
30.3 
36.8 
59.2 
67.6 
36.8 
- Internal colonizatioB (%] 
0.0 
30.2 
45.3 
47.8 
53.9 
56.8 
39.0 
0.0 
29.2 
34.1 
36.8 
43.2 
41.4 
30J 
C - Per cent arbuscules 
0.0 
20.6 
36.4 
40.2 
43.1 
42.6 
30.5 
0.0 
22.6 
40.9 
39.2 
36.2 
40.2 
29.9 
4000 
0.0 
20.2 
23.6 
33.3 
49.4 
56.1 
30.4 
0.0 
26.9 
34.2 
29.6 
37.2 
35.8 
27J 
0.0 
23.8 
34.2 
39.1 
40.6 
38.2 
29.3 
D - Number of cblamydospores/cm root 
0.0 
20.0 
22.0 
23,2 
25.9 
27.6 
19.8 
0.0 
18.6 
20.2 
22.1 
20.9 
23.6 
17.6 
0.0 
20.4 
23.2 
18.9 
20.4 
23.2 
17.7 
0.0 
18.9 
20.4 
23.6 
24.9 
26.2 
19.0 
E - Number of chlamydospores/lOOg soil 
0 
722 
679 
781 
700 
810 
615 
A 
3.3 
3.6 
6.6 
0 
709 
659 
737 
754 
780 
607 
CD 
B 
3.3 
4.0 
7.2 
0 
607 
613 
732 
750 
825 
588 
C 
3.5 
NS 
NS 
0 
603 
590 
612 
713 
555 
512 
8000 
0 
19.9 
22.1 
30.6 
46.2 
49.8 
28.1 
0.0 
21.2 
30.7 
32.8 
40.4 
39.6 
27.4 
0 0 
20.2 
32.9 
38.9 
42.1 
40.2 
29.1 
0.0 
16.2 
18.9 
21.4 
23.6 
25.0 
17.5 
0 
400 
309 
442 
509 
569 
371 
D 
3.2 
NS 
NS 
Mean 
0.0 
25.5 
32.9 
42.4 
57,1 
63.1 
0.0 
30.2 
38.5 
37.1 
48.4 
45.9 
0.0 
24.9 
37.6 
38.7 
40.6 
40.9 
0.0 
19.7 
21.5 
22.6 
24.2 
26.1 
0 
670 
630 
702 
681 
710 
E 
62 
68 
124 
116 
Spore density per pot 
A - 0, B - 150, C - 300, D - 600, E - 1200, F - 2400 
Nematode populations 
m 1 - 0 H 2 - 2S0 
5 - 2000 6 - 4000 
3-500 
7-8000 
4 - 1000 
Figure 3c Interaction effect of spore density of mycorrhizal fungus Glomus mosseae 
and pjopulation of nematode Meloidogyne incognita on external and 
internal colonizations and number of chlamydo^)ore /lOOg soil. 
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maximum at 2400 spore level. However, the number of chlamydospores 
produced in soil, exhibited an overlapping trend between the different 
spore levels (Table 22). There was no significant difference in number of 
chlamydospores/lOOg soil due to M. incognita treatment upto 2000 J^  
level (Figure 3c). However, at 4000 and 8000 Jj levels of inoculum there 
was a significant decrease in the chlamydospores. The interaction was 
found to be significant. The mycelium and hyphae of G. mosseae were 
found adjacent to the galls and egg masses. The mycelium and 
chlamydospores were also found in the hypertrophied tissues of the plant 
root. 
Root-knot disease 
The effect of G. mosseae on the growth and development of M 
incognita has been studied in terms of root-knot disease. Population of 
the nematode in soil increased significantly as the number of inoculated 
juveniles increased. In concomitant inoculation, the nematode population 
showed a significant decrease compared to control, irrespective of spore 
concentration. However, no significant variation occurred in nematode 
population of the soil in different spore concentration treatments (Table 
23). 
Root population of the nematode was suppressed by G. mosseae. 
Significant reduction in the root population (1,+ Jj+ J^+mature females) 
occurred. The reduction was proportionate to the spore concentration 
upto 1200 spore level but at 2400 level, there was no appreciable 
difference in the nematode population compared to the one produced by 
1200 spore level (Table 23). The root population, in general, increased 
significantly with increased number of juvenile inoculation. 
The number of egg masses per root system increased with 
increasing level of A/, incognita and all treatments affected the egg mass 
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Table 23. Interaction effect of spore density of mycoirhizal fungus Glomus mosseae and population of 
nematode Meloidogyne incognita on root-knot disease parameters in tomato plants 
Spore 
Density 
No^pot Control 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
250 
1248 
1372 
1110 
1208 
1176 
1230 
1224 
38 
21 
16 
8 
3 
3 
15 
16 
7 
4 
3 
2 
0 
5 
72 
64 
73 
50 
65 
69 
66 
111 
76 
58 
14 
12 
9 
47 
G. mosseae 
M. incogmita 
Interaction 
A-• Nematode population in soil 
Nematode inoculum density (Jj) 
500 
4316 
4169 
4019 
4168 
4395 
4496 
4261 
B-
68 
51 
29 
12 
4 
6 
28 
1000 
6925 
7028 
6468 
6396 
6683 
6469 
6662 
2000 
10468 
9946 
8869 
9046 
9746 
9395 
9578 
Nematode population 
116 
90 
36 
28 
12 
11 
49 
183 
141 
59 
40 
9 
14 
74 
Ig 
4000 
15683 
14718 
13418 
13969 
14681 
13964 
14239 
root 
214 
186 
72 
70 
23 
12 
96 
C - Number of egg masses/root system 
26 
18 
9 
3 
4 
2 
10 
49 
23 
11 
4 
3 
1 
15 
68 
38 
14 
3 
4 
3 
22 
D - Number of eggs/egg 
86 
73 
68 
58 
63 
66 
69 
E 
102 
86 
53 
29 
14 
8 
49 
A 
500 
550 
1112 
93 
86 
72 
66 
63 
60 
73 
- Number ol 
143 
98 
59 
33 
16 
10 
60 
B 
9 
10 
18 
108 
110 
106 
118 
103 
96 
107 
galls/root 
196 
118 
67 
40 
14 
14 
75 
CD 
83 
44 
13 
5 
5 
2 
25 
mass 
98 
106 
93 
110 
98 
93 
100 
system 
C 
3 
3 
6 
238 
135 
76 
44 
19 
12 
87 
. 
8000 
18196 
16004 
17946 
17103 
16169 
16286 
16955 
236 
199 
88 
72 
18 
16 
105 
124 
73 
18 
4 
6 
T 
38 
123 
120 
116 
103 
90 
86 
106 
254 
160 
S? 
52 
r 
13 
97 
D 
6 
6 
12 
Mean 
8120 
-
7605 
7404 
7441 
7553 
7406 
122 
98 
43 
33 
10 
9 
52 
29 
10 
3 
4 
2 
83 
80 
75 
72 
69 
67 
150 
96 
57 
30 
13 
9 
E 
9 
10 
19 
119 
o 
I 
E 
d 
z 
250 
h200 
150 
100 
50 
0 
h 
E S o 
c 
6 
z 
Spore density per pot 
A - 0, B - 150, C - 300, D - 600, E - 1200, F - 2400 
Nematode inoculation density per pot 
1-0 • 2 - 2 5 0 H 3 - 500 4-1000 
Sa 5 - 2000 6-4000 7 - 8000 
Figure 3d Interaction effect of spore density of mycorrhizal fungus Glomus mosseae 
and population of nematode Meloidogyne incognita on number of 
nematodes in 100 g soil and Ig root segment and number of galls/root 
system of tomato 
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production significantly with increasing inoculum level of nematode. The 
number of egg masses per root system was reduced with increasing spore 
concentration of G. mosseae. It was observed that the 600, 1200 and 
2400 spore levels caused the same degree of reduction and were 
significantly higher than the treatment with 300 spores/plant level, which 
in turn caused greater reduction compared to ISO spores/plant (Table 23). 
Fecundity of the nematode increased at different inoculum levels 
of M incognita. Treatment with 2000, 4000 and 8000 Jj/plant levels had 
significantly more eggs/egg mass than at other inoculum levels. 
Fecundity was reduced at different spore levels of G. mosseae. 
Inoculation of G. mosseae at the rate of 150 spores caused insignificant 
reduction in the fecundity of nematode compared to control. However, a 
spore concentration of 300/plant and above caused significant reduction 
in the fecundity with the maximum occurring at 2400 spore level (Table 
23). 
The number of galls per root system was reduced to a significant 
level by different treatments of G. mosseae. The reduction in gall number 
occurred proportional to the spore level with the maximum (93.73%) 
occurring with the highest level of spores (2400 level). However, the 
number of galls produced under 2400 and 1200 spore levels did not vary 
to any significant extent (Table 23). 
Morphometric studies 
G.mosseae reduced the body length of the females of M incognita. 
With increasing number of spores, the body length gradually decreased 
with the maximum reduction occurring at 1200 spores/plant. At 2400 
level the body length reduction did not differ significantly with the one 
obtained at 1200 spore level. Body width of the females in relation to 
different numbers of spores of G. mosseae added, similarly declined 
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Table 24. Interaction elTcct of spore density of mycorrhizal fungus Glomus mosseae and population of 
nematode Meloidogyne incognita on rootphonKtric parameters (Body length, width and 
stylet length) of nematode. 
Spore 
Density 
No^pot 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
250 
769±64 
(8-4) 
732128 
(3.7) 
703127 
(3.9) 
623173 
(11.7) 
582+74 
(12.7) 
544180 
(14.7) 
531 
464132 
(6.9) 
489138 
(7.8) 
484154 
(11.2) 
320126 
(8.2) 
339+24 
(7.1) 
340113 
(3.8) 
406 
17.111.4 
(8.4) 
18.111.4 
(7.8) 
18.511.1 
(5.9) 
16.911.7 
(10.2) 
15.111.3 
(8.9) 
15.411.0 
(6.5) 
16.9 
(A) Body lengthen) 
Nematode inocuhun density (J^) 
500 
775163 
(8.2) 
756157 
(7.5) 
722127 
(3.8) 
641160 
(9.5) 
565158 
(10.2) 
566162 
(11.0) 
542 
516128 
(5.4) 
544121 
(3.9) 
498143 
(8.6) 
340135 
(10.3) 
341117 
(4.9) 
317137 
(11.6) 
426 
16.8+1.5 
(9.3) 
18.111.0 
(6.3) 
17.411.4 
(8.5) 
16.7+0.5 
(3.2) 
15.110.8 
(4.9) 
16.011.3 
(8:2) 
16.7 
vm 
799139 
(4.9) 
763128 
(3.7) 
695130 
(4.3) 
664152 
(7.8) 
554163 
(11.4) 
580149 
(8.4) 
543 
(B)Body 
524132 
(6.2) 
564+49 
(8.6) 
45519 
(1.9) 
347117 
(4.8) 
347137 
(10.6) 
349133 
(9.4) 
431 
2000 
800160 
(7.5) 
769139 
(5.1) 
728143 
(5.9) 
656189 
(13.6) 
577149 
(8.5) 
598153 
(8.9) 
555 
•ridth (^ ) 
533155 
(10.4) 
537140 
(7.5) 
492119 
(3.8) 
351131 
(8.9) 
353+21 
(5.9) 
355122 
(6.2) 
437 
(C) Stylet length (^ ) 
17.5+0.8 
(4.6) 
16.911.6 
(9.5) 
15.411.4 
(9.6) 
16.911.6 
(9.8) 
16.111.8 
(11.1) 
16.010.6 
(3.9) 
16.5 
17.712.0 
(11.5) 
18.7+0.9 
(4.7) 
16.611.8 
(11.2) 
17.210.4 
(2.5) 
16.411.0 
(6.2) 
16.410.7 
(4.6) 
17J 
4000 
796152 
(6.5) 
754145 
(6.0) 
684167 
(9.7) 
691+41 
(5.9) 
605+73 
(12.1) 
611+41 
(6.7) 
558 
542+48 
(8.8) 
556+20 
(3.6) 
455157 
(12.6) 
359+41 
(11.4) 
354114 
(3.9) 
360+31 
(8.6) 
438 
17.6+1.3 
(7.6) 
16.911.9 
(11.6) 
15.610.5 
(3.2) 
17.5+1.9 
(11.3) 
16.410.4 
(3.0) 
16.411.5 
(9.2) 
16.7 
8000 
801+52 
(6.5) 
749138 
(5.1) 
684149 
(7.2) 
691151 
(7.5) 
599139 
(6.5) 
614+53 
(8.6) 
556 
539+43 
(7.9) 
551167 
(12.1) 
484+46 
(9.6) 
375132 
(8.6) 
339111 
(3.2) 
369118 
(4.9) 
443 
18.23:0.9 
(4.9) 
17,0±1.3 
{-!.(» 
16.611.0 
(6.1) 
17.73:0.8 
(5.0> 
16.6+0.4 
(2.6) 
16.5rl.7 
(10.6) 
17.1 
Mean 
677 
646 
603 
567 
497 
502 
445 
463 
410 
299 
296 
299 
15.0 
15.1 
14.3 
14.7 
13.7 
13.8 
CD A= G. mosseae-AZ M. incognita -53 Interaction-96 
B= G. mosseae -26 M. incognita -29 Interaction-52 
C= G. mosseae -NS M. incognita -NS Interaction-NS 
(Data in parentheses represents coefficient of variation. 1 value = Standard deviation.) 
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Table 25. Interaction effect ofspoK density of myconfaizal fungus Glomus mosseae and population of 
nematode Meloidogyne incognita on morphometric parameters (Neck length, and width) of 
nematode. 
Spore 
Density 
NoJpot Control 250 
(A) Neck length (^ ) 
Nematode inoculum density (Jj) 
500 1000 2000 4000 8000 Mean 
Control 
150 
300 
600 
1200 
2400 
Mean 
0 
0 
0 
0 
0 
0 
0 
313124 
(7.8) 
343132 
(9.3) 
326115 
(4.6) 
284125 
(8.7) 
2248126 
(10.4) 
251123 
(9.3) 
294 
318140 
(12.5) 
354131 
(8.8) 
331121 
(6.3) 
279126 
(9.2) 
251112 
(4.9) 
253122 
(8.6) 
298 
325125 
(7.8) 
368133 
(9.1) 
335128 
(8.3) 
276126 
(9.6) 
258119 
(7.4) 
26719 
(3.2) 
305 
323136 
(11.3) 
361116 
(4.4) 
333113 
(3.8) 
277116 
(5.8) 
266121 
(7.9) 
278119 
(6.8) 
306 
33019 
(2.8) 
365134 
(9.3) 
330143 
(13.0) 
271134 
(12.4) 
268117 
(6.5) 
284+32 
(11.3) 
308 
331+16 
(4.9) 
364+49 
(13.4) 
321137 
(11.6) 
258127 
(19.4) 
268+23 
(8.7) 
284±19 
(6.6) 
304 
277 
308 
282 
235 
222 
231 
(B) Neck width (fi) 
Control 
ISO 
300 
600 
1200 
2400 
Mean 
0 
0 
0 
0 
0 
0 
0 
12816.5 
(5.1) 
14316.6 
(4.6) 
138112 
(9.3) 
106112 
(11.8) 
8819.3 
(10.6) 
91+3.1 
(3.4) 
116 
13519.2 
(6.8) 
167116 
(9.6) 
14414.9 
(3.4) 
10716.7 
(6.3) 
90111 
(11.8) 
9417.4 
(7.9) 
123 
147113 
(9.3) 
173118 
(10.9) 
14316.6 
(4.6) 
110+10 
(9.4) 
9716.1 
(6.3) 
98+12 
(12.2) 
128 
15317.3 
(4.8) 
182117 
(9.2) 
142+15 
(10.6) 
11414.4 
(3.9) 
106+5.1 
(4.8) 
102+10 
(10.2) 
133 
154117 
(11.2) 
168+10 
(6.2) 
139111 
(8.3) 
118111 
(9,3) 
98±9.0 
(9.2) 
10314.7 
(4.6) 
130 
nsiii 
(8.3) 
169+15 
(9.2) 
142x8.2 
(5.8) 
1P±10 
(9.1) 
101±3.8 
(3.8) 
106111 
(10.2) 
129 
122 
143 
121 
96 
83 
85 
CD A= G. mosseae'lS M. incognita-20 Interaction-36 
B= G. mosseae-12 M. incognita-12 lnteraction-24 
(Data in parentheses represents coefficient of variation. 1 value = Standard deviation) 
123 
£ 9 C 
>• 
GD 
I 
•o 
c 
u. 
Spore density per pot 
A - 0, B - 150, C - 300, D - 600, E - 1200, F - 2400 
Nematode inoculation density per pot 
1-0 • 2 - 2 5 0 ^ 3 - 5 0 0 
6 - 4000 i ^ 7 - 8000 
4 - 1000 
« ! 5 - 2000 
Figure 3e Interaction effect of spore density of mycorrhizal flingus Glomus mosseae 
and population of nematode Meloidogyne incognita on body length, width 
and fecundity of nematode 
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(Table 24), but the reduction since caused by spore numbers 600, 1200 
and 2400 did not differ significantly. The stylet length was not affected 
by G. mosseae at all spore levels studied (Table 24). 
The effect of G. mosseae on the neck length of the females showed 
a significant increase, compared to control, at the first level of spore 
concentration but at higher concentrations starting from 600 spores/plant, 
the neck length showed a significant decrease, while at 300 spore level, 
no significant effect occurred (Table 25). The measurement of the neck 
width under the influence of G. mosseae, exhibited a similar trend as that 
of its length (Table 25). 
DISCUSSION 
The present study showed that Glomus mosseae is beneficial to 
the tomato plants as it helps in plant growth by promoting shoot and root 
elongation and enriching nutrient status. Total plant length, fresh and dry 
weights in general are increased by 50.77, 77.56 and 83.11 per cent 
respectively over the control when, mycorrhizal spores are inoculated 
with higher spore concentration-2400 spores/plant. The improvement in 
plant growth characteristics in mycorrhizal plants compared to control 
indicates the existence of complex physiological and biochemical 
beneficial relationship between G. mosseae and tomato. AM fungi have 
been reported to alter the physiology of root and reduce the root 
exudation (Graham, 1981) causing changes in phytohormone levels 
(Allen et al, 1980) and photosynthetic rates (Allen et al, 1981). 
The native isolates of G. mosseae has been found to improve the 
nutrient status of tomato plants, as the phosphorus, nitrogen and 
potassium contents were enhanced greatly in the plants. Improved 
nutrient status in the mycorrhizal plants resulted in increased biomass 
production and growth potential. This supports the earlier findings that 
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mycorrhizal infection can cause a beneficial physiological effect on host 
plants by increasing uptake of soil phosphorus (Gerdemann, 1968, 1975) 
and can also help in the uptake and transport of P in cowpea (Manjunath 
and Bagyaraj, 1984). Better growth of cotton plants with Gigaspora 
calospora and G. margarita has been observed earlier by Roncadori and 
Hussey (1977). Similar results have been obtained for sorghum, upland 
rice and other crop plants by Singh and Tilak (1990); Asif et al. (1995) 
and Mosse et al. (1973). The tomato plants treated with G. mosseae 
exhibiting well developed, mycorrhizal colonization with internal and 
external mycelium found in the present study support the view that the 
increased absorptive surface area contributed by the soil mycelium allow 
P uptake from a much greater soil volume (Tinker, 1975; Rhodes and 
Gerdemann, 1978) and the host growth is frequently enhanced, 
particularly in P deficient soils (Mosse,1973) together with enhanced 
uptake of other immobile elements e.g., Zn, S, Mn, Ca, etc. (Mosse, 
1981). It has also been suggested by a number of workers that 
mycorrhizae can influence plant water relation by reducing plant 
resistance to water transport (Safir et al.. 1972; Hardic and Lyton, 1981; 
Allen, 1982) and thus may also improve drought tolerance. These 
changes may be the secondary effects of the improved nutrient status of 
the plant. 
Growth response of tomato to increased spore concentration of G. 
mosseae is expected since mycorrhizal infection efficiency is generally 
more prominent at higher spore levels, as the number of inoculated spores 
of mycorrhizal fungus increased plant growth. Application of G. mosseae 
at higher levels results in 83.11 per cent increase in total plant dry weight 
compared to control and associated with this, both external and internal 
colonizations are enhanced to the extent of 69 and 57 per cent, 
respectively. 
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In general root-knot nematode caused adverse effect on tomato 
plant, while AM fungus produced beneficial effects by promoting the 
growth. When both were applied together, the adverse effect of the 
nematode was nullified to a great extent by the endomycorrhizal fungus. 
The addition of G. mosseae spores reduced the adverse effect of the 
nematode M. incognita. The nematode caused a maximum loss 
amounting to 31.07, 47.87 and 33.71% in shoot, root and total dry 
weights of the host plant at 8000 Jj level. On inoculation of the 
endomycorrhizal fungus at the rate of 2400 spores/plant, the loss was 
completely overcome and there was improvement in the shoot, root and 
total dry weights by 53.34, 47.39 and 49.69% respectively, compared to 
control. A negative correlation has been found between mycorrhizal 
development and the activities of mixed populations of plant parasitic 
nematode by Schenck and Kinloch (1974); Sitaramaiah and Sikora (1996) 
on cotton with G. fasciculatum and Rotylenchulus reniformis. 
Nematode population in the soil generally decreased in 
concomitant inoculation. Nematode population in root, egg mass 
production, fecundity, root galling and also root-knot indices and egg 
mass indices were found to be affected in the present study 
proportionately in the presence of endomycorrhizal fungus. Reproduction 
and development of M. incognita have been found to be affected 
remarkably by G. mosseae at the rate of 1200 and 2400 spores/plant at all 
the inoculum levels of nematode. Nematode population in the roots, egg 
masses/root system, fecundity and number of galls/root system have been 
found to get reduced by 92.62, 97.13, 19.06 and 93.73 per cent 
respectively with 2400 spore concentration level of G. mosseae. Saleh 
and Sikora (1984) also recorded that symbiont caused reduction by 59 per 
cent in nematode population at a spore level of 750/plant and associated 
with this reduction, fungal root colonization exceeded 90 per cent. In the 
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present study it has been found that M. incognita reduced the mycorrhizal 
colonization percentage, as well as arbuscules and chlamydospores 
number, although the values improved with increasing levels of G. 
mosseae. 
Mycorrhizal fungi which form the symbiotic association with plant 
roots, promote plant health and growth have also been suggested by 
others (Gerdemann, 1968; Harley,1969; Howler et al. 1987; Lin-Xian 
and Hao, 1988; Raju et al.. 1990 and Tinker, 1975). The present 
observations clearly show that increasing levels of G. mosseae improve 
host growth and health, while M incognita suppresses the same, and the 
adverse effect of the nematode becomes lesser and lesser as the number of 
G. mosseae spores increase. Mycorrhizal plants with low nematode 
inoculum showed maximum growth potential than the mycorrhizal plants 
with higher inoculum levels of nematode. The number of nematodes in 
the roots, the number of egg masses/root system and galls/root system 
have also been noted to be lower in the mycorrhizal plants compared to 
non-mycorrhizal ones. The reduction in the development and severity of 
root-knot disease may be due to complex physiological and biochemical 
changes in the mycorrhizal roots and the resistance of the host induced by 
the AM fungus. This is in agreement with earlier investigations which 
reveal that nematode susceptible plants colonized by endomycorrhizal 
fungus are better able to tolerate plant pathogenic nematodes by showing 
better growth (Fox and Spasoff, 1972; Sikora and Schoenbeck, 1975; 
Sitaramaiah and Sikoral981 and 1982; Cromack et al, 1988; Verdejo et 
al, 1990; Palacino and Leguizaman, 1991; Lingaraju and Goswami, 1993 
and Sikora and Sitaramaiah, 1995). In a previous study Singh et al 
(1990) found that pre-infection of tomato roots with G. faciculatum made 
Pusa Ruby resistant to root-knot nematode by bringing about biochemical 
changes in the levels of lignious and phenolic compounds. The presence 
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and also proved to be the unfavorable sites for gall formation. In a 
separate study Sikora (1978) found that G. mosseae alter the 
attractiveness of the root system to M. incognita larvae. Besides this 
other studies(Sitaramaiah and Sikora, 1981; MacGuidwin et al.. 1985; 
Oliveira and Zambolin, 1986; Osman et al., 1990; Sankaranarayanan and 
Sundarababu, 1994; Ahmed and Alsayed, 1991) also show decreased 
larval penetration, retarded nematode development in mycorrhizal roots 
and the adverse effect of AM fungi on nematode reproduction. 
Mycorrhizae help to withstand the antagonistic effects of the 
nematode and increase plant growth. Application of G. mosseae at the 
higher inoculum level benefits the plant most and promotes the plant 
health by significantly reducing the nematode population in root, egg 
mass production, root galling and fecundity. The findings of Wallace 
(1983) reveal that interaction between AM fungi and plant parasitic 
nematode is best detected with varied initial inoculum concentrations of 
the interacting organisms, are well supported by the present investigation 
in which it has been found that the nematode effect is well defined at 
lower concentrations of mycorrhizal spores (150-600 levels) than at 
higher levels (1200 & 2400 levels). The above results also indicate that 
very few nematodes are present in severely colonized roots. Galls are not 
colonized by AM fungi even though hyphae of G. mosseae often found 
adjacent to the egg masses, galls and eggs of the nematode. It is also 
evident that G. mosseae colonized roots are less penetrated by the 
nematode. Similar results have also been obtained by Kellam and 
Schenck, (1980) and Grandison and Cooper, (1986). In contrary to the 
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above, in the present study, mycelium and chlamydospores have been 
often detected in hypertrophied tissues. Application of G. mosseae to 
plants inoculated with M. incognita resulted in improved growth by 
reducing the multiplication of the later as reported by Bagyaraj et al. 
(1979) with other mycorrhizal fungi. The damage due to nematode 
disease is generally reduced in mycorrhizal plants (Carling et al., 1989; 
Osman et al., 1990; Price et al., 1995). In several studies mycorrhizal 
fungi have been* shown to produce antagonistic effect on plant parasitic 
nematodes (Carling et al., 1989; Sivaprasad et al., 1990; 
Sankaranarayanan and Sundarababu, 1994). 
Establishment of VAM in plants generally confer resistance to 
nematode parasitism (Kellam and Schenck, 1980; Diedrichs, 1987; Jain 
and Sethi, 1989; Osman et al., 1991). Dehne and Schoenbeck (1975) also 
reported that G. mosseae reduces Fusarium wilt of tomato. Phenolic 
compounds have been shown to be formed after mycorrhizal colonization 
(Sylvia and Sinclair, 1983) and they have been believed to play a decisive 
role in disease resistance (Goodman et al, 1967). Moreover, greater 
production of phytoalexin in mycorrhizal plants has been reported by 
Morandi (1987). 
Improved phosphorus nutrition by VAM fungi results in root 
exudation (Graham et al., 1981) and has been correlated with reduction in 
soil-borne diseases (Graham and Menge, 1982). Thus, it may be the 
reason for the reduced damage by the nematode in the mycorrhizal plants 
and may also be nematode parasitism by AM fungi, changes in root 
morphology, histopathological changes, physiological and biochemical 
changes, changes in the host nutrition (Siddiqui and Mahmood, 1995a, b 
and Siddiqui and Mahmood, 1998) and competition for food and space 
(O' Bannon and Nemec, 1979; Saleh and Sikora, 1984) and may also be 
due to the production of antifungal and antibacterial metabolites. In the 
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present study, the nematode multiplication and morphometric parameters 
of the females were also significantly affected except the stylet length of 
the female, as reported by Siddiqui and Mahmood, (1998) on M.javanica 
with G. mosseae. Application of G. mosseae at the rate of 1200 
spores/plant caused maximum reduction of 26.59, 33.48, 19.86 and 31.97 
per cent in case of body length, body width, neck length and neck width 
respectively compared to non-mycorrhizal control. Smaller nematode in 
mycorrhizal plants observed in this study have also been reported by 
Suresh (1980) and Sitaramaiah and Sikora (1982). The morphometric 
reduction in the nematode female may be due to the abiotic and biotic 
stress and may also be due to smaller giant cells. Smaller giant cells and 
syncytia found in mycorrhizal plants were reported to confer host 
resistance against nematodes (Trudgill and Parrot, 1969; Fassuliotis, 
1970). 
Application of M. incognita decreased by the mycorrhizal 
infection and sporulation of G. mosseae, though the mycorrhization 
increases with increase in G. mosseae inoculum levels. High populations 
of the either organism resulted in low populations of the other. Bird et al. 
(1974), Rich and Bird (1974), Schenck and Kinloch (1974) and 
Linderman (1986) also obtained similar results in the field observations 
relating the incidence of mycorrhizal fungi to the incidence of 
endoparasitic nematodes. Nematode influence interfered with 
mycorrhizal colonization by G. fasciculatum on cowpea (Lingaraju and 
Goswami, 1993). Similar results were also obtained by Atilano et al. 
(1981). 
SUMMARY 
Inoculation of tomato {Lycopersicon esculantum Mill.) was 
performed at the time of transplanting, with G. mosseae spore 
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concentration of 0, 150, 300, 600, 1200 and 2400 chlamydospores/plant 
and Meloidogyne incognita levels of 0. 250, 500, 1000, 2000, 4000 and 
8000 freshly hatched second stage juveniles (J2) per plant. Observations 
were recorded on the interaction of nematode and the endomycorrhizal 
fungus and on their population dynamics and plant growth. Plant growth 
(lengths, fresh and dry weights of shoot, root and total plant) and nutrient 
status (per cent N, P and K) showed an increase in the presence of G. 
mosseae. There was a significant increase in the plant growth, with 
increasing level of spore concentration from 150 spores/plant and above. 
The improvement in plant growth parameters was proportional to the 
spore levels with the maximum total plant length (50.77%) fresh weight 
(77.56%) and dry weight (83.11%), occurring with the highest level of 
spores (2400 level). M incognita suppressed all the considered growth 
parameters significantly as the inoculum levels increased from 250 ]J 
plant and above, with the maximum occurring at 8000 Jj levels. In 
concomitant inoculation, the adverse effect of nematode was nullified by 
the AM fungus. At the lower levels of G. mosseae, the adverse effect of 
the M. incognita became more obvious and was reduced as the spore 
concentration of G. mosseae increased. Total plant length recorded the 
highest increase (31.38%) at 1200 spores/plant level while plant fresh and 
dry weights exhibited their maximum enhancement (45.76 and 49.69%) at 
2400 spore level. M. incognita caused insignificant decline in the 
nutrient status of plant at the different inoculum levels. The N and P 
contents increased significantly when spore concentration of G. mosseae 
was kept at 300 and above per plant, while K content improved to 
significant extent only when spore density was 600 and above. The 
mycorrhization (percentage external and internal colonization, arbuscules 
and average number of chlamydospores per centimeter root length) was 
suppressed in the presence of M incognita, particularly at higher 
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inoculum levels (4000 and 8000 Jj/plant). At the highest level of spores 
both external and internal colonization, per cent arbuscules, number of 
chlamydospores were 63.1, 45.9, 40.9 and 26.1 per cent with spore 
density 710/lOOg soil. Root-knot disease caused by M. incognita on 
tomato, was suppressed in the presence of AM fungus. Nematode 
population in soil was significantly reduced in the presence of G. mosseae 
which had inhibitory effect on the development of root-knot disease. In 
general, the highest reduction of nematode population in roots, (92.62%). 
egg masses per root system (97.13%) fecundity (19.06%) and root galling 
per root system (93.73%) was recorded at the highest (2400) spore 
concentration of G. mosseae. The total plant length, fresh and dry 
weights increased by 50.77, 77.56 and 83.11 percent over the control by 
G. mosseae. The symbiont also caused suppression in morphometric 
parameters of the M. incognita females, except stylet length. Inoculation 
of G. mosseae at the rate of 1200 spore/plant caused maximum reduction 
amounting to 26.59, 33.48, 19.86 and 31.97 per cent in body length, body 
width, neck length and neck width of the females compared to control. 
The higher spore concentration (1200 and 2400/plant) was found to be 
more suppressive on the development of the above parameters. 
The present study reveals that AM fungus can influence the 
pathogenesis, host-parasite relationship, and root-knot disease severity, 
development and morphometric of the root-knot nematodes and can prove 
to be beneficial to the host, by promoting its growth and nutrient status, 
as well as providing protection to it from M. incognita. 
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ECTIOl W 
S E C T I O N IV 
Effect of N, P and K fertilizers and Glomus mosseae on 
Meloidogyne incognita infestation on tomato. 
INTRODUCTION 
Arbuscular mycorrhizal fungi variously influence a number of plant 
parasitic nematodes (Grandison and Cooper, 1980; Atilano et al. 1981; 
Hussey and Roncadori, 1982). Root-knot nematodes are reported to be 
highly destructive to tomato crop, Meloidogyne incognita being the most 
important species causing stunting and chlorosis of plants leading to heavy 
losses in yield. AM fungus promote the growth and health of tomato plants 
and their nutrient uptake. In combined inoculation with the mycorrhizae and 
nematode (M incognita), development of endomycorrhizae nullify the 
stunting caused by the nematode. Fertilizers can influence the host 
endophyte and nematode interaction. Growth stimulation and plant 
development were greater at low fertility rate than at a high fertility level. 
Azygospore production was very high on resistant cultivar of cotton in joint 
culture at high fertility rate and on susceptible cultivar at the low fertility 
level (Roncadori and Hussey, 1977). Mycorrhizal plants grown in sterilized 
and unsterilized soils with added phosphorus or nitrogen have been reported 
to have obtained maximum benefit from the symbiotic association (Krishna 
and Dart, 1984; Aziz and Habte, 1989; Omar, 1995). The beneficial effects 
of added P have been observed to be highly significant in low P soils 
(Schubert and Hayman, 1986; Maksoud et al, 1994; Sreenivasa, 1994; 
Rathore and Singh, 1995; Ibijbijem et al. 1996; Singh, 1995) and 
intermediate P levels (Saggin et al, 1994). Spore production by VAM fungi 
was generally more pronounced in the treatment with rock phosphate 
(Diederich, 1990). In contrast, at high P levels AM fungi showed depressive 
growth (Sanders, 1975; Saggin et al, 1994) and reduced mycorrhizal 
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colonization (Isobe et al, 1993; Sreenivasa, 1994; Sagir et al., 1994; 
Rathore and Singh, 1995; Rabnkov and Jakobsen, 1996). Phosphorus 
fertilizers often adversely affect root colonizaton by AMF suppressing the 
development of arbuscules (Menge et al., 1978), vesicles/spores (Abbott et 
al, 1984; Menge et al. 1978; Nelson et al, 1981) internal and external 
hyphae (Abbott et al. 1984; Schwab et al, 1983; Thompson et al, 1983) as 
well as penetration points (Schwab et al, 1983; Thompson et al, 1983). 
Nonetheless, AM fungi vary in their sensitivity to P (Abbott et al, 1987; 
Lamar and Cavey, 1988; Schubert and Hayman, 1986; Sylvia, 1986; 
Trauvelot et al, 1987). Fertilizer may result in the selection of AM fungi 
that can colonize plants of high P content. Sylvia and Schenck (1983) 
recorded 63 per cent root colonization at P level of 199 mg P kg ' , using 
three Florida isolates that were originally isolated from high P soils (upto 
448mg P kg"' soil). Under certain conditions it is estimated that 
mycorrhizae can substitute upto 500 lb phosphorus/acre (Menge et al. 
1978). Rathore and Singh (1995) also suggested that mycorrhizal inoculum 
may substitute phosphatic fertilizer equivalent to 30 kg P/ha. 
Though not well documented as for P, nitrogen also influences AMF 
root colonization. Hepper (1983) reported an increased colonization by G. 
mosseae in lettuce roots at three P levels, with increasing NO3 concentration. 
In an similar study, Azcon et al (1996) observed that with NO3" fertilizer 
Glomus fasciculatum colonized lettuce plants showed an increased growth, 
nitrate reductase activity and protein content as compared to P fertilizer 
treatment. Plants inoculated with Glomus etunicatum had lower shoot P 
content than plants fertilized with 360 mg P/Kg soils. However, plants 
inoculated with AM fungi showed greater response to N application than 
plants fertilized with P (Pereira, et al, 1996). Singh (1996) reported a 
significant improvement in grain yield of pigeonpea when inoculated with 
Glomus fasciculatum and Rhizobium sp. especially when fertilized with 50 
kg P^Oj/ha. The effects were more pronounced when P was applied in 
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combination with N (20 kg/ha) in the form of superphosphate and 
ammonium sulphate respectively. Benefits of the nitrogen to the 
mycorrhizal plants depends on the nitrogen source. Dry matter production, 
yield and uptake of nutrients was increased by the mycorrhizal infection 
accordingly to the N source (Vaast and Zaroski, 1991; Sheoran et ah, 1991). 
It has also been demonstrated that levels of available NPK in soil following 
crops of seasame, sunflower and mustard were inversely proportional to the 
VAM spore density, indicating an inhibitory effect of fertilizers on the 
mycorrhizae (Shukla and Vanjara, 1992). 
Crop nutrition has also been known to affect the root-knot disease on 
a variety of crops (Oteifa, 1953 and Heinmann, 1972). Nitrogen has been 
shown to increase the numbers of several plant pests including nematodes 
(Tondon, 1973). Ross (1959) on the other hand, reported that nitrogenous 
fertilizers reduce population of nematodes and also helped soybean plants in 
escaping infection of Heterodera glycines. Similarly, Upadhyaya (1969) 
recorded urea as most effective in reducing the number of nematodes in 
amongst fertilizers tested. High K concentration favoured host growth and 
the development of M. incognita (Marks and Sayre, 1964; Ismail and 
Saxena, 1977). In some studies the minimum nematode infestation was 
recorded with the application of all the three fertilizers in combination 
(Sharma and Khan, 1995). In soil amended with 50)ig P/g soil, M. incognita 
suppressed the growth of non-mycorrhizal plants by 84% while it did 
support only 21 % reduction in mycorrhizal plants and the trend was similar 
also in plants grown in soil with lOOfag P/g soil. 
There is a meager information available on AM fungi to suggest a 
balance between soil N, P and K which are equally important, as their 
concentration affect the growth of mycorrhizal plants. Starting from the 
results of Hattinagh (1975) and Rhodes and Gerdemann (1987a and b), also 
determined the role of hyphal translocation of phosphorus and other 
nutrients, Pearson and Tinker (1975) worked out the increased phosphorus 
136 
inflow into the mycorrhizal root. There has been consistent attempts to 
understand the fundamental aspects of P uptake due to mycorrhiza. There is" 
an evidence to show that mycorrhizae improve growth and nutritional uptake 
of plants (Hayman, 1982) and improve the efficiency of applied phosphatic 
fertilizers (Mosse,1976), but the role of mycorrhizae and NPK fertilizers on 
the root-knot nematode development is not fully understood. 
The present study was conducted to determine the effects of NPK 
fertilizers on the development of root-knot nematode Meloidogyne incognita 
along with AM fungus Glomus mosseae on tomato. The other objective was 
to help and define the level of N, P and K fertilizers for optimizing the 
benefit of AM fungi association to the host plant and control of root-knot 
nematode. 
MATERIALS AND METHODS 
The experiments were conducted under glasshouse conditions. Clay 
pots of one Kg capacity were sterilized with 4 per cent formalin. After 24 
hours of sterilizing, the pots were filled with sterilized sandy loam soil 
mixture (66% sand, 24% silt, 8% clay, 2%0M, pH 7.7). Seedlings of tomato 
cv Pusa Ruby were raised as described in section III. The seedlings were 
transplanted one week after germination, singly into pots containing 920g 
soil, later 80g soil with AM fungus inoculum was added to make the soil 
amount 1 Kg/pot. AM fungus. Glomus mosseae was maintained and 
multiplied on Rhode's grass {Chloris gayana Kunth). The inoculum was 
from the same pot culture of G. mosseae used in section II. For inoculation, 
the mycorrhizal inoculum comprising 80g of root and soil containing 
extramatrical hyphae, chlamydospores (15spores/g soil) and infected root 
segments of Rhode's grass, were inoculated in each pot before 
transplantation of the seedlings. Meloidogyne incognita was multiplied on 
tomato cv. Pusa Ruby as described in section-Ill. For inoculation of root-
knot nematode, M. incognita 2000 freshly hatched second stage juveniles 
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(Jj) were introduced into the root zone by making small depressions around 
the root which were covered with sterilized soil immediately after 
inoculation. 
The interaction between NPK fertilizers, G. mosseae and M. 
incognita was studied in four different experiments. 
Experiment-IVA 
A pot trial was conducted in completely randomized block design, to 
study the effect of AM fungus, G. mosseae, root -knot nematode, M. 
incognita and four nitrogen (N) levels on tomato in relation to plant growth, 
root-knot disease and mycorrhization. The soil was mixed for 15 min. with 
N as urea (NHj CO NHj) that has been ground to pass a 250 ^m sieve. 
Added N levels were 0, 300, 600 and 1200 mg N kg"' soil. At each level of 
nitrogen G. mosseae and/or M. incognita were added to the pots to give the 
treatments mentioned in the inoculation schedule (Table 26). 
Experiment-IVB 
This experiment examined the effects of different P fertilizer addition 
and inoculation with AM fungus G. mosseae and/or root-knot nematode M. 
incognita on tomato growing in sterilized sandy loam soil. Single super 
phosphate (SSP) was added at rates equivalent to 0, 125, 250 and 500 mg P 
kg ' soil. Growth of inoculated plants without added P was compared with 
plants grown in soil with applied P levels. Soil and inocula were prepared 
as above and the treatment schedule is given in table 26. 
Experiment-IVC 
In this experiment, N and P were not added but potassium as murate 
of potash (KCl) was added to the soil (lkg/pot)prior to seedling 
transplantation at the levels of 0, 200, 400 and 800 mg kg"' soil. The 
procedures were the same as already described in experiment IVA, and so 
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Table 26. Inoculation schedules for experiments IV- A, B and C (Section IV) 
Fertilizer treatments 
treatments 
Control 
Gm 
Mi 
Gm + Mi 
To 
-1-
+ 
+ 
+ 
T, 
-1-
+ 
+ 
+ 
T, 
+ 
+ 
+ 
+ 
T3 
+ 
+ 
+ 
+ 
Amount of fertilizers (mg/pot of 1 Kg soil) supplied in the experiments 
Experiment IV-A 
Experiment IV-B 
Experiment IV-C 
To 
N - 0 
P - 0 
K - 0 
T, 
N- 300 
P-125 
K-200 
T: 
N-600 
P-250 
K-400 
T3 
N-1200 
P-500 
K-800 
Table 27. Inoculation schedule for experiment IV-D (Section IV) 
Inoculation Fertilizer treatments 
treatments Control N K NP NK PK NPK 
Control 
Gm 
Mi 
Gm + Mi 
+ 
+ 
+ 
+ 
+ 
+ + 
Amount of N, P and K applied respectively are - 300,125 and 200 mg/pot 
Gm- Glomus mosseae (1200 spores / pot); Mi- Meloidogyne incognita (2000 J, pot) 
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also the inoculum and inoculation schedule (Table 26). The growth of 
inoculated plants without K was compared with plants grown in soil 
amended with K levels. 
Experiment-IVD 
The dose of each fertilizer giving optimum response under G. 
mosseae inoculation in experiments IVA, B and C were used singly as well 
as in all possible combinations with G. mosseae and M incognita on tomato 
grown in sterilized sandy soil. The selected fertilizer doses were N,=200mg 
N kg' soil P,=125mg P kg' soil and K,=150mg K kg' soil. Before 
transplanting the seedlings, the pot soil was thoroughly mixed with 
fertilizers as per the applied levels viz., 1. Control (NQPOKO), 2. Nitrogen 
alone (N,PoKo), 3. Phosphorus alone (NoP,Ko), 4. Potassium alone (NpPoK,), 
5. Nitrogen + Phosphorus (N,P,Ko), 6. Nitrogen + Potassium (N,PoK,). 7. 
Phosphorus + Potassium (NoP,K,) and 8. Nitrogen + Phosphorus -*-
Potassium (N,P,K,). Soil inoculum was prepared as described above and 
inoculation schedule is given in table 27. The treatments were replicated 
five times and arranged in a completely randomised block design. The 
plants were maintained in a glasshouse bench with the temperature ranging 
from 28-35°C. The plants were har\'ested at 60 days after inoculation and all 
the parameters studied in section III were studied in this section in all the 
four experiments. Data from all experiments were analysed by analysis of 
variance in factorial design as mentioned by Fisher (1950) and CD was 
calculated at P = 0.05 as given in ANOVA models (Appendix D and E). 
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EXPERIMENT-IVA 
RESULTS 
Growth characteristics 
Plant length 
Shoot length of tomato plants increased with the addition of nitrogen 
fertilizer at the rate of 300 mg N/Kg soil, compared to control. At higher N 
levels, the shoot length showed significantly higher increase compared to 
control and that of the first level (Table 28). Inoculation of the plants with 
Meloidogyne incognita significantly reduced the shoot length compared to 
control and the other treatments, while G. mosseae significantly improved 
the shoot length over the control. The shoot length was influenced by the 
interactive action of nitrogen, nematode and mycorrhizal fungus and 
supported significantly better shoot growth compared to control. The shoot 
length increased significantly under interaction when plants were provided 
with nitrogen particularly at a high level (1200 mg/Kg soil). 
The effect of applied nitrogen on the root length in plants treated with 
a combination of G. mosseae + M. incognita, did not generally differ from 
that of the control, although plants inoculated with G. mosseae did support 
significantly better root growth than the control. Significant reduction in the 
root length was recorded in plants infected with M. incognita. The 
interaction effect was found to be significant and the root length in the soil 
amended with 300 mg N/Kg soil proved to be similar to that of control. 
However, there was significant increase in root length at the other nitrogen 
levels compared to control. In combined action of nitrogen. Af. incognita 
and G. mosseae the effect was the same as that of shoot length. 
The total length of the plant also depicted a similar trend of results as 
that of the root length (Table 28). 
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Table 28. Effect of added N levels on shoot, root and total length of </. mosseae and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
36.0 
39.7 
• 
26.9 
37.1 
46.6 
CD Inoculation = 2.8 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
17.6 
20.1 
14.9 
18.3 
17.7 
CD Inoculation = 1.8 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
53.6 
59.8 
41.8 
55.4 
52.6 
Shoot length (cm) 
Levels of 
300 
38.7 
45.2 
28.7 
44.0 
52.2 
N levels = 
applied N (mg/pot) 
600 
43.6 
46.3 
27.9 
43.3 
53.7 
2.8 
Root length (cm) 
1200 
45.9 
44.9 
28.1 
45.3 
54.7 
Interaction = 
Levels of applied N (mg/pot) 
300 
19.1 
22.8 
15.7 
22.5 
20.0 
N levels = 
600 
21.7 
23.3 
16.3 
22.6 
21.0 
= 1.8 
Total length (cm) 
Levels of 
300 
57.8 
67.9 
44.4 
66.5 
59.2 
1200 
22.7 
23.2 
16.9 
22.8 
21.4 
Interaction = 
applied N (mg/pot) 
600 
65.3 
69.6 
44.2 
65.9 
61.3 
1200 
68.6 
68.2 
45.0 
68.1 
62.5 
Mean 
41.0 
44.0 
27.9 
42.4 
= 5.6 
Mean 
20.3 
22.4 
16.0 
21.5 
= 3.6 
Mean 
61.3 
66.4 
43.9 
64.0 
CD Inoculation = 4.8 N levels = 4.8 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
Interaction = 9.6 
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Plant fresh weight 
Application of 300 mg N/Kg soil significantly increased shoot fresh 
weight compared to control. No significant difference in shoot fresh weight 
could be observed in plants supplied with 600 and 1200 mg N/Kg soil level 
compared to 300 mg N/Kg soil level. M. incognita significantly suppressed 
the shoot fresh weight. In contrast, G. mosseae significantly increased the 
shoot fresh weight irrespective of the presence or absence of M. incognita to 
that of control. The interaction effect was found to be significant and it was 
found that nitrogen requirement in uninoculated plant was 600 mg N/Kg 
soil, whereas with G. mosseae and in combination of G. mosseae + M. 
incognita treatments, 300 mg N/Kg soil was sufficient to support a 
significant increase in shoot fresh weight over the control. 
The root fresh weight followed the same trend of shoot fresh weight 
under different levels of nitrogen treatments. The root fresh weight in 
control plants was significantly high compared to those inoculated with M. 
incognita. No significant change in root fresh weight could be observed in 
plants inoculated with M incognita + G. mosseae compared to control. 
Except at G. mosseae + M. incognita, the interaction effect showed a similar 
trend as that of shoot fresh weight (Table 29). The root fresh weight was 
marginally improved in the plants under different N levels but proved to be 
significantly superior to control. 
The results of total fresh weight of the plants followed the same trend 
as that of shoot fresh weight (Table 29). 
Plant dry weight 
From the data given in table 30 it is clear that in the absence of 
nitrogen application the shoot dry weight significantly dropped. At all 
levels of N (300, 600 and 1200 mg N/Kg soil) the dry weight showed almost 
similar values, without any significant variation. Increased shoot dry weight 
was observed in the plants treated with G. mosseae, irrespective of the 
presence or absence of M. incognifa compared to control. M. incognita 
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Table 29. Effect of added N levels on shoot, root and total fresh weight of G. mosseac 
and M incognita inoculated tomato plants 
Shoot fresh weight (g/plant) 
Inoculation Levels of applied N (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
25.5 
31.0 
20.3 
28.6 
26.3 
300 
30.5 
37.5 
22.8 
37.2 
32.0 
600 
36.8 
36.9 
21.6 
37.5 
33.2 
1200 
35.8 
37.0 
22.1 
36.7 
32.9 
Mean 
32.1 
35.6 
21.7 
35.0 
CD Inoculation = 2.6 N levels = 2.6 Interaction = 5.2 
Root fresh weight (g/plant) 
Inoculation Levels of applied N (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
9.5 
11.3 
8.3 
10.2 
9.8 
300 
10.9 
15.6 
8.1 
11.6 
11.6 
600 
13.6 
13.6 
8.5 
12.1 
11.9 
1200 
13.5 
13.4 
8.7 
12.6 
12.1 
Mean 
11.9 
13.5 
8.4 
11.7 
CD Inoculation = 0.9 N levels = 0.9 Interaction = 1.8 
Total fresh weight (g/plant) 
Inoculation Levels of applied N (mg/pot) 
treatments 
Control 
Gm 
M. incognita 
Gm+Mi 
Mean 
0 
35.0 
42.3 
28.6 
38.9 
36.2 
300 
41.4 
53.1 
31.1 
48.8 
43.6 
600 
50.5 
50.1 
29.9 
49.6 
45.0 
1200 
49.3 
50.4 
30.8 
49.4 
45.7 
Mean 
44.0 
49.0 
30.1 
47.4 
CD Inoculation = 3.4 N levels = 3.4 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
Interaction = 6.8 
1 4 4 
Table 30. Effect of added N levels on shoot, root and total dry weight of G. niosseae 
and M. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
Gm 
M. incognita 
Gm+Mi 
Mean 
0 
5.54 
6.80 
4.60 
6.44 
5.84 
CD Inoculation =0.42 
Inoculation 
treatments 
Control 
Gm 
M. incognita 
Gm+Mi 
Mean 
0 
2.02 
2.27 
1.58 
2.14 
2.00 
CD Inoculation = 0.26 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
7.56 
9.07 
6.18 
8.58 
7.85 
Shoot dry' weight (g/plant) 
Levels of applied N (mg/pot) 
300 
6.77 
8.22 
4.75 
7.89 
6.91 
600 
7.97 
8.12 
4.85 
7.89 
7.21 
N levels = 0.42 
Root dry weight (g/plant) 
1200 
8.00 
8.16 
4.78 
7.84 
7.19 
Mean 
7.07 
7.82 
4.74 
7.51 
Interaction = 0.84 
Levels of applied N (mg/pot) 
300 
2.40 
2.63 
1.64 
2.53 
2.30 
600 
2.72 
2.58 
1.59 
2.59 
2.37 
N levels = 0.26 
Total dry weight (g/plant) 
1200 
2.84 
2.81 
1.78 
2.75 
2.54 
Mean 
2.50 
2.57 
1.65 
2.50 
Interaction = 0.52 
Levels of applied N (mg/pot) 
300 
9.18 
10.85 
6.39 
10.42 
9.21 
600 
10.68 
10.70 
6.44 
10.48 
9.58 
1200 
10.84 
10.97 
6.56 
10.59 
9.74 
Mean 
9.57 
10.39 
6.39 
10.02 
CD Inoculation = 0.63 N levels = 0.63 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
Interaction = 1.26 
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showed negative effect ie., shoot dry weight was significantly decreased 
compared to the control plant. In combined culture, increased growth of the 
shoot was observed in mycorrhizal plants treated with nitrogen at different 
levels over interaction treatments. When G. mosseae was inoculated alone 
or with M. incognita, the N requirement was reduced to 300 mg N/Kg soil 
against 600 mg required in control. Shoot dry weights in plants treated with 
the M incognita at different N levels did not differ. 
The root dry weight exhibited the same trend as shoot dry weight 
under different nitrogen regimes (Table 30). Inoculation of G. mosseae 
alone or with M. incognita as well as control produced similar amount of 
root dry weight. Reduced root dry weight was observed in plants treated 
with M. incognita compared to all other treatments. In interaction except 
M. incognita treatment where there was no significant difference between 
the root dry weights across the applied N levels, at all the other treatments 
(G. mosseae, or combination of G. mosseae + M. incognita) the root dry 
weight was significantly enhanced at 1200 mg N/Kg soil level, compared to 
control. Root dry weights at all the other N levels did not vary statistically. 
The effects of different N levels and the interaction effect of nitrogen, 
mycorrhizae and nematode on total dry weight were the same as that of 
shoot dry weight with exception of G. mosseae which induced significantly 
increased dry weight compared to control. The plants inoculated with the 
combination of M incognita +G. mosseae produced similar amount of the 
total dry weight as produced by G. mosseae or control plants. 
Nutrient status 
The nitrogen content of plants increased as soil N levels increased 
from 0 to 1200 mg N/Kg soil. The N contents of the plant increased 
marginally when soil was amended with 300 mg N/Kg soil compared to 
control. The N content exhibited significant variation when plants were 
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supplemented with N levels above 300 mg N/Kg soil and increased with 
increase in N levels. 
There was a significant increase in P and K contents under 1200 mg 
N/Kg soil treatment in comparison to control. In soil amended with 300, 
600 and 1200 mg N/Kg, the P and K contents of the plants proved to be only 
marginal and not significant statistically. There was no difference in N 
content between different treatments but P and K contents of the plants 
treated with M. incognita was significantly reduced compared to G. mosseae 
inoculated plants. The interactive action of nitrogen, nematode and AM 
fungus proved to be non-significant (Table 31). 
Mycorrhization 
In soil not amended with N, all the mycorrhization parameters of G. 
mosseae did not differ significantly when M. incognita was added. In the 
soil amended with different N levels internal colonization did not increase 
significantly, but all other parameters viz., external colonization percentage, 
arbuscules per cent, average number of chlamydospore per centimeter root 
segment and number of chlamydospores/lOOg soil increased significantly as 
soil N levels increased from 300 to 1200 mg N/Kg soil compared to control 
(0 mg N/Kg soil). The interaction effect was found to be non-significant 
(Table 32). 
Root-knot disease 
In the soil not amended with N, G. mosseae significantly suppressed 
the soil and root populations of M. incognita. Egg mass production, 
fecundity and root galling also declined. In the soil amended with 600 and 
1200 mg N\Kg soil, there were significantly (P=0.05) poor root population, 
number of galls/root system and eggs/egg mass in roots compared to control. 
However, the soil N levels had no effect on the population of nematodes in 
soil as well as number of egg masses/root system. Nematode population in 
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Table 31 Effect of added N levels on nitrogen, phosphorus and potassium content of G. 
mosseae and M incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
2.07 
2.11 
1.98 
2.19 
2.09 
CD Inoculation = NS 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0.309 
0.344 
0.289 
0.345 
0.322 
CD Inoculation = 0.03 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
1.78 
2.08 
1.70 
2.00 
1.89 
Nitrogen content (%) 
Levels of applied N 
300 
2.14 
2.09 
2.05 
2.22 
2.13 
N levels = 
600 
2.28 
2.38 
2.22 
2.41 
2.32 
0.2 
Phosphorus content (%) 
Levels of applied N 
300 
0.319 
0.370 
0.304 
0.365 
0.339 
N levels = 
600 
0.347 
0.362 
0.297 
0.377 
0.346 
= 0.03 
Potassium content (%) 
Levels of 
300 
2.01 
2.15 
1.86 
2.10 
2.03 
applied N 
600 
2.09 
2.23 
2.11 
2.10 
2.13 
(mg/pot) 
1200 
2.43 
2.57 
2.34 
2.48 
2.46 
Interaction = 
(mg/pot) 
1200 
0.354 
0.374 
0.314 
0.375 
0.354 
Mean 
2.23 
2.29 
2.15 
2.33 
= NS 
Mean 
0.332 
0.362 
0.301 
0.365 
Interaction = NS 
(mg/pot) 
1200 
2.19 
2.25 
2.12 
2.22 
2.19 
Mean 
2.02 
2.18 
1.95 
2.10 
CD Inoculation = 0.18 N levels = 0.18 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
Interaction = NS 
148 
c 
es 
•5. 
O 
M 
B 
o 
c 
o 
§ 
8 
O 
c 
o 
1 
t 
o 
u 
E 
c 
i 
o 
a. 
E 
"B. 
o. 
4> o 
e 
e '« e Qo 
- - - • § 
«s o -^ ^ 
»- © uS '^ 
O 0^  
O OS 
p >© © v© »-
o 00 c> r-^  ^ 
p ov © p r< 
0 f*^  0 v i r i 
'Sb 
E 
»s 
•o 
"a. 
a. 
0) (4 
c 
o 
c 
o 
c 
o 
u 
IE 
o 
e 
u 
"5 
II 
© r^ n 
0 
0 
v© 
00 
© 
© 
— 
OS 
^ 4 
§ 
Ov >M 
vd o 
© r^  p r- 00 
O ^' O V£) 1^ 
© — © >o 
© r^ © — 
ON 
in 
+ g 
5 B - S « 
u u S o S 
(A 
II 
fl 
e 8 
u 
« 
« 
II 
f 
II 
e 
J3 
iS 
"a 
w 
o 
B 
II 
B 
O 
*^ 
w 
R 
00 
II 
00 
E 
e r<- o <e 
e so e NO 
M «S 
OS © ^ rn 
© © s© •^ 
© © Tf 00 
\C> © Os' »^ 
ON © OS n 
r-^  © «rt t»5 Csl M 1-1 
f ) 
© p p 
o <s © 
CM 
SO s o 
<s p o 
06 e 06 
fs 
II 
so 
© ^ © 00 
d ^ © © 
«S 
— © r- «s 
00 
O <N 
d sd 
r<-i 
© vD • * 
© r-" 06 
© © © © 
© 0 — t~ 
11 ® 5 
u U S U S 
so 
00 
oo 
o 
en 
s 
o 
tn 
0 
© 
© 
o> 
00 
so 
00 
<N 
r^  
OS 
0 
r^  
0 
© 
0 
OS 
0 
r^ f-
rn 
<S 
r^  
rr 
sO 
f»> 
00 
VI 
f^ 
00 
•* 
I  
B 
w 
es 
0 
B 
OS o C © OS sc n' SO s C <*J 
c o © r- OS 
CM U 1 — 
SO SO <*) 
be 
o •« 
I I 
IS 
o 5 
- +5 
B e e A 
U O S U S 
11 
C c 
149 
soil and fecundity were not affected by the interaction of nitrogen, AM 
fungus and nematode (Table 33). The interaction of nitrogen, AM fungus 
and nematode was significant for nematode population per g soil, number of 
egg masses and galls/root system. No significant difference occurred 
between these parameters in plants inoculated with the combination of M. 
incognita + G. mosseae, at all N levels, but there was a significant reduction 
in nematode population, egg mass production and root galling due to N + A/. 
incognita. 
Morphometric studies 
Except stylet length, where there was no difference between the 
different treatments, all the other morphometric parameters of the female 
were affected only by the combined inoculation of M. incognita and G. 
mosseae. All the parameters showed significantly reduced values in the 
presence of G. mosseae (Tables 34 and 35). 
EXPERIMENT-IVB 
RESULTS 
Growth characteristics 
Plant length 
Shoot length of tomato plant showed a significant increase due to 
phosphorus application upto 125 mg/pot level. Further increase in P level 
did not enhance shoot length. Plants inoculated with Glomus mosseae 
resulted in significant increase in shoot length compared to the uninoculated 
control. Meloidogyne incognita, on the other hand, significantly suppressed 
the shoot length. At the zero P level, combined effect of G. mosseae and M. 
incognita did not differ from the control. The interaction was significant 
and, in general, the maximum shoot length was pronounced at a lower level 
of P when plants were inoculated with G. mosseae. There was no 
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Table 34. Effect of added N levels and G. mosseae on body length, width and stylet 
length A/, incognita 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
CD 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
CD 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0 
0 
943±59 
(6.3) 
637±8 
(1.2) 
395 
Inoculation =39 
0 
0 
0 
549±35 
(6.4) 
416131 
(7.4) 
241 
Inoculation =18 
0 
0 
0 
18±0.39 
(2.2) 
15±1.87 
(12.8) 
8 
Body length (\i) 
Levels ol 
300 
0 
0 
879143 
(4.9) 
625161 
(9.7) 
376 
N levels = 
f applied N (i 
600 
0 
0 
907179 
(8.7) 
635130 
(4.8) 
385 
=NS 
Body width {)i) 
Levels of applied N ( 
300 
0 
0 
575116 
(2.8) 
399133 
(8.2) 
244 
N levels = 
600 
0 
0 
536152 
(9.7) 
418120 
(4.9) 
239 
NS 
St>'let length (^) 
Levels of applied N ( 
300 
0 
0 
1711.08 
(6.4) 
1811.02 
(5.6) 
9 
600 
0 
0 
1910.59 
(3.1) 
1511.16 
(7.9) 
8 
tng/pot) 
1200 
0 
0 
921134 
(3.70) 
621139 
(6.3) 
386 
Interaction =NS 
mg/pot) 
1200 
0 
0 
580+60 
(10.4) 
419128 
(6.7) 
250 
Interaction =NS 
mg/pot) 
1200 
0 
0 
15±1.31 
(8.7) 
16±49 
(3.1) 
8 
Mean 
0 
0 
912 
630 
Mean 
0 
0 
560 
413 
Mean 
0 
0 
17 
16 
CD Inoculation = NS N levels =NS Interaction = NS 
(Data m parentheses represents co-efficient of vanation and ± value = Standard deviation) 
Gm-Glomus mosseae and Mi- Meloidogyne incognita 
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Table 35. Effect of added N levels and G. mosseae on neck length and width of A/ 
incognita 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
CD 
0 
0 
0 
328120.7 
(6.3) 
241±23.4 
(9.7) 
142 
Inoculation = 16 
Neck length (^) 
Levels of 
300 
0 
0 
353±15.9 
(4.5) 
231±11.1 
(4.8) 
146 
N levels = 
applied N ( 
600 
0 
0 
348±33.8 
(9.7) 
220±20.0 
(9.1) 
142 
NS 
mg/pot) 
1200 
0 
0 
353139.6 
(11.2) 
242±15.5 
(6.4) 
149 
Interaction = 
Mean 
0 
0 
346 
233 
NS 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0 
0 
148116.0 
(10.8) 
9016.5 
(7.2) 
59 
Neck width (^) 
Levels of applied N (mg/pot) 
300 
0 
0 
14618.9 
(6.1) 
9014.4 
(4.9) 
59 
600 
0 
0 
124115.9 
(12.8) 
10515.8 
(5.5) 
57 
1200 
0 
0 
13819.3 
(6.7) 
9613.2 
(3.3) 
59 
Mean 
0 
0 
139 
95 
CD Inoculation = 9 N levels = NS Interaction = NS 
(Data in parentheses represents co-efficient of vanation and r value = Standard deviation) 
Gm-Glomus mosseae and Mi- Meloidogyne incognita 
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significant difference in the shoot length of the plants, inoculated with M. 
incognita at the different P levels studied (Table 36). 
The requirement of P for the maximum root length development was 
found to be 500 mg/pot although the root length value was not significant 
with the one obtained with 250 mg P/Kg soil. The trend of interaction of 
phosphorus the AM fungus and the nematode was the same as that of the 
shoot length. 
The individual and interactive action of applied phosphorus, the AM 
fungus and the nematode exhibited the same trend on the total length of the 
plants as in case of shoot and root lengths (Table 36). 
Plant fresh weight 
The shoot fresh weight was improved significantly by 125 mg P/Kg 
soil over the control. Further increase in P level did not further improve the 
shoot fresh weight. There was a significant reduction in shoot fresh weight 
caused by the M. incognita, while the inoculation of G. mosseae 
significantly increased the shoot fresh weight. The G. mosseae treatment 
completely nullified the suppressive action of M. incognita under 
simultaneous inoculation at all levels of P tried. The interaction effect was 
found to be significant. 
More or less a similar pattern of results was obtained with root and 
total fresh weight of the plant under individual and interactive action of 
phosphorus, nematode and mycorrhizal fungus (Table 37). 
Plant dry weight 
The shoot dry weight significantly increased at 125 mg P/Kg soil 
level and above, the maximum occurring at 500 mg P/Kg soil level. The 
extent of promotion on shoot dry weight was similar at all the levels of 
applied phosphorus, compared to control. The shoot dry weight was 
significantly reduced due to A/, incognita (Table 38). 
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Table 36. Effect of added P levels on shoot, root and total length of G. mosseae and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
33.6 
38.2 
26.1 
34.9 
33.2 
CD Inoculation = 2.9 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
16.9 
18.5 
14.2 
15.9 
16.4 
CD Inoculation = 1.5 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
50.5 
56.7 
40.3 
50.8 
49.6 
Shoot length (cm) 
Levels of 
125 
35.1 
43.8 
28.2 
42.3 
37.4 
P levels = 
applied P (mg/pot) 
250 
40.8 
44.6 
25.9 
41.9 
38.3 
2.9 
Root length (cm) 
Levels of 
125 
17.2 
21.3 
13.9 
19.4 
18.0 
P levels = 
500 
43.5 
43.6 
27.2 
44.5 
39.7 
Interaction = 5.8 
applied P (mg/pot) 
250 
19.6 
22.8 
15.8 
20.3 
19.6 
1.5 
Total length (cm) 
Levels of 
125 
52.3 
65.1 
42.1 
61.2 
55.3 
' applied 
250 
60.4 
67.4 
41.7 
62.2 
57.9 
500 
21.1 
21.5 
16.3 
21.9 
20.2 
Interaction = 3.0 
P (mg/pot) 
500 
64.6 
66.1 
43.5 
66.4 
59.9 
Mean 
38.3 
42.6 
26.9 
40.9 
Mean 
18.7 
21.0 
15.1 
19.4 
Mean 
57.0 
63.6 
41.9 
60.3 
CD Inoculation = 4.5 P levels = 4.5 Interaction = 9.0 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
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Table 37. Effect of added P levels on shoot, root and total fresh weight of G. mosseae 
and M. incognita inoculaed tomato plants 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
24.9 
30.6 
19.2 
27.5 
25.6 
CD Inoculation = 2.7 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
8.6 
10.5 
6.9 
9.8 
9.0 
CD Inoculation ="1.2 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
33.5 
41.1 
26.1 
37.3 
34.5 
Shoot fresh weight (g/plant) 
Levels 
125 
28.2 
35.9 
21.8 
34.4 
30.1 
of applied 
250 
33.3 
34.6 
20.2 
35.9 
31.0 
P levels = 2.7 
Root fresh weight (g/plaii 
Levels 
125 
9.3 
12.8 
7.8 
10.4 
10.2 
1 of applied 
250 
13.2 
12.4 
7.1 
11.2 
11.0 
P levels = 1.2 
P (mg/pot) 
500 
34.5 
35.2 
20.3 
33.6 
30.9 
Interaction = 5.4 
•t) 
P (mg/pot) 
500 
12.6 
13.0 
7.4 
11.9 
11.2 
Interaction = 2.4 
Total fresh weight (g/plant) 
Levels of applied 
125 
37.5 
48.7 
29.6 
44.8 
40.2 
250 
46.5 
47.9 
27.3 
47.1 
42.2 
P (mg/pot) 
500 
47.1 
48.2 
27.7 
45.5 
42.1 
Mean 
30.2 
34.1 
20.4 
32.9 
Mean 
10.9 
12.2 
7.3 
10.8 
Mean 
41.2 
46.5 
27.7 
43.7 
CD Inoculation = 3.3 P levels = 3.3 Interaction = 6.6 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
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Table 38. Effect of added P levels on shoot, root and total dry weight of G. mosseae 
and A/, incognita inoculaed tomato plants 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
6.14 
7.46 
4.96 
7.29 
6.46 
CD Inoculation = 0.53 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
1.88 
2.26 
1.61 
1.95 
1.93 
CD Inoculation = 0.19 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
8.02 
9.72 
6.57 
9.24 
8.39 
Shoot dry weight (g/plant) 
Levels of 
125 
7.24 
8.82 
5.12 
8.54 
7.43 
P levels = 
applied P (mg/pot) 
250 
8.49 
8.74 
5.26 
8.43 
7.73 
0.53 
Root dry weight (g/plant) 
Levels of applied P 
125 
2.49 
2.83 
1.48 
2.72 
2.38 
P levels 
250 
2.94 
2.74 
1.52 
2.66 
2.47 
= 0.19 
Total dry weight (g/plant) 
Levels of 
125 
9.73 
11.65 
6.60 
11.26 
9.81 
applied P 
250 
11.43 
11.48 
6.78 
11.09 
10.20 
500 
8.76 
8.96 
4.89 
8.64 
7.81 
Interaction = 
(mg/pot) 
500 
3.12 
3.09 
1.71 
2.94 
2.72 
Interaction 
(mg/pot) 
500 
11.88 
12.05 
6.60 
11.58 
10.53 
Mean 
7.66 
8.50 
5.06 
8.23 
1.06 
Mean 
2.61 
2.73 
1.58 
2.57 
= 0.38 
Mean 
10.27 
11.23 
6.64 
10.79 
CD Inoculation = 0.65 P levels = 0.65 Interaction = 1.30 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
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The extent of shoot dry weight proRioted by G. mosseae alone as well 
as by the combination of G. mosseae + M. incognita did not differ to any 
significant level but was significantly superior to the control. In the 
interaction, the requirement of phosphorus appeared to be 250 mg/Kg soil in 
control, whereas under G. mosseae and in the combination of G. mosseae ^ 
M. incognita the P requirement was found to be 125 mg/Kg soil, although 
250 and 500 mg/Kg soil levels yielded the same results without any 
significant difference. Similarly no significant difference occurred in shoot 
dry weight under the different P levels in plants inoculated with A/. 
incognita. In case of root dry weight the application of tomato plants with 
500 mg P/Kg soil resulted in the maximum dry weight and proved to be 
highly significant compared to control as well as 125 and 250 mg P'Kg soil 
levels. The application of the AM fungus improved the root dry weight 
significantly both alone and in combination with M incognita. The latter 
when inoculated produced the lowest dry weight with all the three P levels. 
In case of total dry weight (shoot + root), the soil amended with 500 
mg P/Kg soil produced the maximum dry weight which proved to be highly 
significant compared to control and the first level of P. However its \alue 
proved to be non significant with 250 mg P/Kg soil level. The dry weight 
response of plants treated with the combination of G. mosseae and .\/. 
incognita showed that the former helped the host to overcome the nematode 
effect, as they produced an almost the same dry weigh as that of control. 
whereas G. mosseae significantly increased the total dry weight of the plants 
compared to control. All the treatments proved to be significantly superior 
to that of M. incognita. The interaction trend was found to be same as that 
of shoot dry weight (Table 38). 
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Nutrient status 
Out of three elements (N, P and K) studied, only the P content in 
plants increased due to P application (Table 39). Increase in the P content of 
the plants was significant and proportionate with the increasing amount of P 
in the treatment. All the three nutrient contents (N, P and K) were 
significantly higher in plants treated with G. mosseae than to those 
inoculated with M. incognita. The interaction effect was found to be non-
significant. 
Mycorrhization 
Different P levels significantly affected the mycorrhization 
parameters (Table 40). In soil not amended with P, G. mosseae showed 
74.1% external colonization, 40.3% internal colonization, 35.4% arbuscules 
with spore density 28.5/cm root segment and 618/100 g soil. When M 
incognita was added to these soils, mycorrhizal root infection was 
significantly reduced to 73.3%, 34.6% and 33.0% in terms of external and 
internal colonization and per cent arbuscules respectively coupled with 
reduction in spore density to 27.8/cm root segment and 605 100 g soil. In 
the soil amended with P the mycorrhization parameters showed significani 
increasing trend. Except the number of chlamydospore per cm root segment. 
in all other mycorrhizal infection parameters the degree of mycorrhizal 
infection was significantly less in plants amended with 125 mg P'Kg soil 
than the mycorrhizal plants amended with other higher doses of P level 
Mycorrhization increased to the maximum at higher (250 and 500 mg P'Kg 
soil) doses of P. There was no significant differences between the 
mycorrhizal infection parameters between 250 and 500 mg P Kg soil levels. 
The external colonization was increased to 81.4% with the highest spore 
density (714/lOOg soil) at 250 mg P/Kg soil, whereas the maximum internal 
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Table 39. Effect of added P levels on nitrogen, phosphorus and potassium content of G. 
mosseae and M. incognita inoculated tomato plants 
Nitrogen content (%) 
Inoculation Levels of applied P (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
1.98 
1.91 
1.88 
1.96 
1.93 
125 
2.06 
2.19 
1.94 
2.02 
2.05 
250 
1.82 
2.26 
1.88 
2.11 
2.02 
500 
2.01 
2.34 
1.83 
2.12 
2.08 
Mean 
1.97 
2.18 
1.88 
2.05 
CD Inoculation = NS P levels = 0.20 Interaction = NS 
Phosphorus content (%) 
Inoculation Levels of applied P (mg/pot) 
treatments 
Control 
Control 
Gm 
Mi 
Gm+Mi 
0 
0.271 
0.302 
0.251 
0.316 
0.285 
125 
0.319 
0.336 
0.268 
0.342 
0.316 
250 
0.352 
0.353 
0.284 
0.359 
0.337 
500 
0.374 
0.362 
0.304 
0.371 
0.353 
Mean 
0.329 
0.338 
0.277 
0.347 
Mean 
CD Inoculation = 0.02 P levels = 0.02 Interaction = NS 
Potassium content (%) 
Inoculation Levels of applied P (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
CD 
0 
1.64 
1.93 
1.52 
1.64 
1.68 
Inoculation = NS 
125 
1.86 
1.86 
1.63 
1.61 
1.74 
P levels = 
250 
1.79 
1.88 
1.89 
1.58 
1.79 
= 0.18 
500 
1.82 
1.91 
1.64 
1.76 
1.78 
Interaction = = NS 
Mean 
1.78 
1.90 
1.67 
1.65 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
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colonization (47.9%), arbuscules (40.2%), number of spores cm root 
segment (34.2) were recorded at the highest level of P ie., at 500 mg P/Kg 
soil level. As the soil P increased to 500 mg P/Kg soil level, the 
mycorrhizal infection of roots and chlamydospore population in soil, 
inoculated with M. incognita increased to 83.2% (external colonization) 
41.2% (arbuscules) except internal colonization percentage , number of 
chlamydospore/cm root segment and number of chlamydospore /lOO g soil 
which had the maximum 47.9%, 34.2/cm root length and 714/100 g soil) in 
the plants inoculated with G. mosseae. 
Root-knot disease 
Amendment of soil with different P levels had no effect on the 
nematode population in soil and root and in the number of egg masses 'root 
system in plants inoculated with M. incognita (Table 41). The number of 
eggs per egg mass increased by the applied P levels and it was found thai 0. 
125 and 250 mg P/Kg soil levels showed almost similar number of eggs egg 
mass. Plants supplied with 500 mg P/Kg soil level exhibited significantly 
greater number of eggs/egg mass compared to those amended with 250 mg 
P'Kg soil. Number of galls/root system was reduced by P application. In 
plants applied with all the three P levels viz, 125. 250 and 500 mg P Kg soil, 
almost equal number of galls were produced and they were significantly low 
compared to plants inoculated with M. incognita. Inoculation of G. mosseae 
along with M. incognita reduced the nematode population in both soil and 
root, number of egg masses and galls/root system and fecundity compared to 
those inoculated only with M. incognita. The interaction was found to be 
non-significant. 
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Morphometric studies 
P levels had no effect on the morphometric parameters of the females. 
Excepting the stylet length, in all the other parameters, there was a 
significant decrease in morphometric characters of the females due to G. 
mosseae. The interaction was found to be non-significant (Tables 42 and 
43). 
EXPERIMENT-IV C 
RESULTS 
Growth characteristics 
Plant length 
The effect of applied K levels along with Glomus mosseae and 
Meloidogyne incognita inoculation on shoot length of tomato plants is given 
in table 44. There was significant increase in shoot length upto 200 mg 
K/Kg soil treatment and thereafter the increase was not significant. 
Inoculation of G. mosseae, irrespective of the inoculation with M. incognita, 
yielded significantly higher shoot length than control. M. incognita 
significantly reduced the shoot length. The interaction was found to be 
significant and in G. mosseae inoculated plants the requirement of potassium 
was reduced to 200 mg/pot compared to control which required 400 mg 
K/pot. In M. incognita inoculation treatments no significant difference was 
found between various K treatments. 
The effect of K and inoculation of the nematode and the AM fungus 
on root length was the same as that of shoot length (Table 44). 
The K requirement in general was found to be 200 mg/pot and further 
increase in K level had no effect on total length of the plants. M incognita 
significantly reduced the plant length while G. mosseae improved the same 
significantly. The suppressive effect of M incognita was neutralized by G. 
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Table 42. Effect of added P levels and G. mosseae on body length, width and stylet 
length A/, incognita 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
CD 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
CD 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0 
0 
876±98 
(11.2) 
593±48 
(8.1) 
367 
Inoculation =38 
0 
0 
0 
438133 
(7.6) 
342±19 
(5.7) 
195 
Inoculation =22 
0 
0 
0 
14.611.2 
(8.2) 
13.011.3 
(10) 
6.9 
Body length (^) 
Levels of applied P (n^pot) 
125 
0 
0 
7%±69 
(8.7) 
548+41 
(7.4) 
336 
P levels = 
250 
0 
0 
843130 
(3.6) 
587162 
(10.6) 
358 
NS 
Body width (^) 
Levels of applied P (i 
125 
0 
0 
461147 
(10.3) 
317123 
(7.3) 
195 
P levels 
250 
0 
0 
428120 
(4.6) 
324116 
(4.9) 
188 
=NS 
Stylet length ()x) 
Levels of applied P (i 
125 
0 
0 
15.710.7 
(4.6) 
15.211.2 
(7.6) 
7.7 
250 
0 
0 
16.711.3 
(7.6) 
14.311.6 
(11.4) 
7.8 
500 
0 
0 
821169 
(8.4) 
569122 
(3.8) 
348 
Interaction =NS 
Big/pot) 
500 
0 
0 
476+38 
(7.9) 
341129 
(8.6) 
204 
Interaction =NS 
mg/pot) 
500 
0 
0 
13.9+1.3 
(9.1) 
12.810.5 
(3.7) 
6.7 
Mean 
0 
0 
834 
574 
Mean 
0 
0 
451 
331 
Mean 
0 
0 
15.2 
13.8 
CD Inoculation = NS P levels =NS Interaction = NS 
(Data in parentheses represents co-efficient of variation and ± value = Standard deviation) 
Gm-Glomus mosseae and Mi- Meloidogyne incognita 
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Table 43. Effect of added P levels and G. mosseae on neck length and width of M 
incognita 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0 
0 
299±29 
(9.6) 
218117 
(7.6) 
129 
Neck length (^) 
Levels of applied P 
125 
0 
0 
312±18 
(5.7) 
2203+22 
(10.8) 
129 
250 
0 
0 
336±12 
(3.7) 
197±8 
(3.9) 
133 
(mg/pot) 
500 
0 
0 
324±26 
(8.0) 
214116 
(7.6) 
135 
Mean 
0 
0 
318 
208 
CD Inoculation = 14 P levels =NS Interaction = NS 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0 
0 
16319 
(5.5) 
8611 
(1.2) 
62 
Neck width {\i) 
Levels of 
125 
0 
0 
14514.2 
(2.9) 
9415.1 
(5.4) 
60 
applied P 
250 
0 
0 
12818.2 
(6.4) 
10217.5 
(7.4) 
58 
(mg/pot) 
500 
0 
0 
139111 
(7.8) 
8915.9 
(6.6) 
57 
Mean 
0 
0 
144 
93 
CD Inoculation = 7 P levels = NS Interaction = NS 
(Data m parentheses represents co-efficient of variation and rvalue = Standard deMation) 
Gm-Glomus mosseae and Mi- Meloidogyne incognita 
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Table 44. Effect of added K levels on shoot, root and total length of G. mosseae and M. 
incognita inoculated tomato plants 
Shoot length (cm) 
Inoculation Levels of applied K (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
34.8 
37.5 
25.3 
35.7 
33.3 
200 
38.2 
42.4 
26.7 
41.6 
37.2 
400 
42.1 
43.7 
27.1 
40.8 
38.4 
800 
43.8 
42.2 
26.4 
42.1 
38.6 
Mean 
39.7 
41.5 
26.4 
40.1 
CD Inoculation = 2.1 K levels = 2.1 Interaction = 4.2 
Root length (cm) 
Inoculation Levels of applied K (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
16.6 
19.6 
14.2 
18.5 
17.2 
200 
18.9 
22.0 
15.8 
23.0 
19.9 
400 
21.4 
21.8 
15.3 
22.4 
20.2 
800 
22.0 
22.6 
16.0 
21.6 
20.6 
Mean 
19.7 
21.5 
15.3 
21.4 
CD Inoculation = 0.9 K levels = 0.9 Interaction = 1.8 
Total length (cm) 
Inoculation Levels of applied K (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
51.4 
57.1 
39.5 
54.2 
50.6 
200 
57.1 
64.4 
42.5 
64.6 
57.2 
400 
63.5 
65.5 
42.4 
63.2 
58.7 
800 
65.8 
64.8 
42.4 
^3.7 
59.2 
Mean 
59.5 
63.0 
41.7 
61.4 
CD Inoculation = 2.6 K levels = 2.6 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
Interaction = 5.2 
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mosseae when it was inoculated with M. incognita. The interaction effect 
was found to be the same as found in case of shoot length (Table 44). 
Fresh weight 
The results obtained on the effect of different K treatments on the 
fresh weight of tomato plants are given in table 45. There was a significant 
increase in shoot fresh weight upto 200 mg K/pot and thereafter the fresh 
weight remained stable. M. incognita inoculation drastically reduced the 
fresh weight in comparison to control, whereas G. mosseae inoculation 
significantly increased the shoot fresh weight irrespective of the presence or 
absence of M. incognita along with it. The interaction effect was 
significant. G. mosseae reduced the K requirement from 400 mg K/Kg to 
200 mg K/Kg soil. Application of K in the presence of M. incognita could 
not improve the shoot fresh weight significantly. The root fresh weight 
increased significantly upto 400 mg K/Kg soil and further increase in K 
level did not improve the root fresh weight to any significant level. 
The extent of total fresh weight promoted by the application of 
different K levels was significantly superior to control. Among different 
inoculation treatments, both G. mosseae alone and G. mosseae plus M. 
incognita in combination supported an equal amount of plant fresh weight 
which in turn proved to be superior to the control, while M. incognita caused 
significant reduction. The interaction effect was same as in the case of shoot 
fresh weight. 
Dry weight 
The experimental results on shoot dry weight are given in table 46. 
The requirement of potassium to promote the shoot dry weight to a 
significant level was found to be 200 mg/pot. Further increase in applied 
potassium did not improve the dry weight significantly. Plants treated with 
G. mosseae produced the highest shoot dry weight, which proved superior to 
the control and at par with G. mosseae + M. incognita combined 
inoculations, M. incognita reduced the shoot dry weight significantly. The 
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Table 45. Effect of added K levels on shoot, root and total fresh weight of G. mosseac 
and M incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
23.8 
28.7 
19.4 
27.1 
24.8 
CD Inoculation = 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
9.44 
10.96 
8.61 
9.74 
9.70 
CD Inoculation = 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
33.24 
39.66 
28.01 
36.84 
34.44 
Shoot fresh weight (g/plant) 
Levels of applied K ( 
200 
29.6 
35.6 
21.6 
36.2 
30.8 
400 
36.4 
34.9 
20.8 
35.6 
31.9 
1.9 K levels = 1.9 
Root fresh weight (g/plai 
Levels of applied 
200 
11.25 
12.59 
7.94 
11.49 
10.78 
400 
12.84 
13.30 
8.51 
11.81 
11.60 
0.83 K levels = 0.83 
mg/pot) 
800 
33.8 
35.2 
21.6 
36.0 
31.7 
Interaction = 
»t) 
K( 
Total fresh weight (g/plant) 
Levels of applied 
200 
40.85 
48.19 
29.54 
47.69 
41.57 
400 
49.24 
48.20 
29.31 
47.41 
43.54 
K 
[mg/pot) 
800 
13.01 
12.62 
8.86 
12.17 
11.66 
Interaction 
(mg/pot) 
800 
46.81 
47.82 
30.46 
48.17 
43.32 
Mean 
30.9 
33.6 
20.9 
33.7 
3.8 
Mean 
11.63 
12.46 
8.48 
11.30 
= 1.66 
Mean 
42.54 
45.97 
29.33 
45.02 
CD Inoculation = 2.3 K levels = 2.3 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
Interaction = 4.6 
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Table 46. Effect of added K levels on shoot, root and total dry weight of G. mosseae 
and M incognita inoculated tomato plants 
Shoot dry weight (g/plant) 
Inoculation Levels of applied K (mg/pot) 
treatmeats 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
4.63 
5.74 
3.94 
5.26 
4.89 
200 
5.86 
7.08 
4.08 
6.74 
5.94 
400 
6.91 
6.97 
4.14 
6.83 
6.21 
800 
6.78 
6.88 
4.30 
6.58 
6.13 
Mean 
6.04 
6.67 
4.12 
6.35 
CD Inoculation = 0.46 K levels = 0.46 Interaction = 0.92 
Root dry weight (g/plant) 
Inoculation Levels of applied K (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
1.96 
2.08 
1.43 
2.11 
1.90 
200 
2.14 
2.26 
1.62 
2.18 
2.05 
400 
2.32 
2.25 
1.51 
2.32 
2.10 
800 
2.40 
2.36 
1.68 
2.38 
2.21 
Mean 
2.21 
2.24 
1.56 
2.25 
CD Inoculation = 0.10 K levels = 0.10 Interaction = 0.20 
Total dr>' weight (g/plant) 
Inoculation Levels of applied K (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
6.59 
7.82 
5.37 
7.37 
6.79 
200 
8.00 
9.34 
5.70 
8.92 
7.99 
400 
9.23 
9.22 
5.65 
9.15 
8.31 
800 
9.16 
9.24 
5.98 
8.96 
8.34 
Mean 
8.25 
8.91 
5.68 
8.60 
CD Inoculation = 0.51 K levels = 0.51 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
Interaction = 1.02 
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interaction effect was significant and as in the other cases the requirement of 
K was found to be reduced to 200 mg/pot in the presence of G. mosseae in 
comparison to 400 mg K/pot level required in control. Application of 
potassium could not counteract the adverse effect of M. incognita on tomato 
plants. 
The root dry weight increased upto 800 mg K/pot treatment 
promoting almost equivalent root dry weight and proved to be significantly 
superior to control. M. /ncog/j//fl-inoculated plants produced the lowest root 
dry weight among all the treatments. The interaction effect was found to be 
significant and it was found that at both control and G. mosseae + M. 
incognita treatments two adjacent K levels, promoted the same degree of 
root dry weight and the two alternate levels were significantly different from 
each other. The dry weight recorded an increase with increasing level of K. 
In G. mosseae inoculated set, the three levels of K viz, 200, 400 and 800 
mg/pot equally supported root dry weight. In M. incognita inoculated 
plants, 800 mg K/pot treatment, the root dry weight varied to a highly 
significant level with that of control (0 mg K/pot). 
The total plant dry weight of the plants followed the same trend as 
that of shoot in relation to different treatments (Table 46). 
Nutrient status 
From table 47 it becomes clear that the application of K did not 
significantly affect the P content of the test plants although the K content 
showed an increase. Application of 200 mg K/pot improved the K content 
significantly compared to control (0 mg K/pot) and it was significantly low 
compared to 400 and 800 mg K/pot levels. The application of Glomus 
mosseae alone or in combination with M. incognita, increased the P content 
of the treated plants significantly, compared to control as well as those 
inoculated with M. incognita. The interaction was, however, not significant. 
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Table 47. Effect of added K levels on nitrogen, phosphorus and potassium content of G. 
mosseae and M. incognita inoculated tomato plants 
Nitrogen content (%) 
Inoculation Levels of applied K (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
1.96 
2.18 
1.89 
2.21 
2.06 
200 
2.02 
2.09 
1.96 
2.19 
2.07 
400 
1.99 
2.12 
1.95 
2.10 
2.04 
800 
1.91 
2.07 
2.00 
2.08 
2.02 
Mean 
1.97 
2.12 
1.95 
2.15 
CD Inoculation = NS K levels = NS Interaction = NS 
Phosphorus content (%) 
Inoculation Levels of applied K (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0.312 
0.346 
0.293 
0.338 
0.322 
200 
0.293 
0.364 
0.306 
0.351 
0.329 
400 
0.314 
0.339 
0.282 
0.359 
0.324 
800 
0.309 
0.351 
0.295 
0.346 
0.325 
Mean 
0J07 
0J50 
0.294 
0.349 
CD Inoculation = NS K levels = 0.03 Interaction = NS 
Potassium content (%) 
Inoculation Levels of applied K (mg/pot) 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
1.74 
2.02 
1.69 
2.11 
1.89 
200 
1.96 
2.18 
1.88 
2.29 
2.08 
400 
2.14 
2.30 
2.10 
2.31 
2.21 
800 
2.28 
2.32 
2.30 
2.38 
2.32 
Mean 
2.03 
2.21 
1.99 
•2.27 
CD Inoculation = 0.12 K levels = 0.12 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
Interaction = NS 
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Mycorrhization 
The mycorrhization was studied with the following five parameters 
viz., external colonization per cent, internal colonization per cent, per cent 
arbuscules, number of chlamydospores/cm root segment and number of 
chlamydospores in 100 g soil (Table 48). None of the parameters was 
affected by the levels of applied K and the presence of Glomus mosseae 
either alone or alongwith M. incognita resulted in equal degree of 
mycorrhization. The interaction was not significant. 
Root-knot disease 
The nematode population was not affected to any significant extent 
by the different K levels (Table 49). Root and soil populations number of 
egg masses, galls/root system and fecundity were reduced significantly when 
both M. incognita and Glomus mosseae were inoculated together, compared 
to the plants which were inoculated with M. incognita alone. The values 
found in plants treated with Glomus mosseae + M. incognita for number of 
nematodes/g root, number of galls/root system were less than the CD 
calculated, showing that Glomus mosseae + M. incognita was at par with the 
non-mycorrhizal nematode-inoculated treatments. The interaction was not 
significant. 
Morphometric studies 
Except stylet length, all the other morphometric measurements were 
reduced by the Glomus mosseae treatment when inoculated along with M. 
incognita. Potassium levels and the interaction effect were not significant 
(Tables 50 and 51). 
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Table 50. Effect of added K levels and G. mosseae on body length, width and stylet 
length of A/, incognita 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
CD 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
CD 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0 
0 
914±45 
(4.9) 
617±22 
(3.5) 
383 
Inoculation =66 
0 
0 
0 
586±75 
(12.8) 
436±34 
(7.9) 
256 
Inoculation =42 
0 
0 
0 
18.511.6 
(8.4) 
14.6±0.9 
(6.2) 
8.3 
Body length (^) 
Levels of applied K (mg/pot) 
200 
0 
0 
868169 
(7.9) 
630131 
(4.9) 
375 
400 
0 
0 
879147 
(5.4) 
618146 
(7.4) 
374 
K levels =NS 
Body width (^) 
Levels 
200 
0 
0 
612167 
(11.0) 
428151 
(11.9) 
260 
800 
0 
0 
920189 
(9.7) 
609141 
(6.7) 
382 
Mean 
0 
0 
895 
619 
Interaction =NS 
of applied K (mg/pot) 
400 
0 
0 
573114 
(2.4) 
453149 
(10.7) 
257 
K levels =NS 
St> let length (^) 
800 
0 
0 
609142 
(6.9) 
442119 
(4.3) 
263 
Mean 
0 
0 
595 
440 
Interaction =NS 
Levels of applied K (mg/pot) 
200 
0 
0 
16.411.C 
(6.4) 
19.011.5 
(7.8) 
8.9 
400 
0 
0 
1 19.211.5 
(7.6) 
1 13.811.6 
(11.7) 
8.3 
800 
0 
0 
14.710.7 
(4.8) 
16.71.1.2 
(7.3) 
7.9 
Mean 
0 
0 
17 
16 
CD Inoculation = NS K levels =NS 
(Data m parentheses represents co-efficient of vanation and ± value 
Gm-Glomus mosseae and Mi- Meloidogyne incognita 
Interaction = NS 
Standard deviation) 
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Table 51. Effect of added K levels and G. mosseae on neck length and width of M. 
incognita 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0 
0 
323±35 
(10.8) 
238±9 
(3.6) 
140 
Neck length {\i) 
Levels of 
200 
0 
0 
354141 
(11.7) 
232114 
(5.9) 
147 
applied K (mg/pot) 
400 
0 
0 
328115 
(4.8) 
219117 
(7.9) 
137 
800 
0 
0 
346122 
(6.3) 
243112 
(4.8) 
147 
Mean 
0 
0 
338 
233 
CD Inoculation = 29 K levels =NS Interaction = NS 
Inoculation 
treatments 
Control 
Gm 
Mi 
Gm+Mi 
Mean 
0 
0 
0 
124111 
(9.1) 
8515.4 
(6.3) 
52 
Neck width (^) 
Levels 
200 
0 
0 
134111 
(7.8) 
7919 
(11.8) 
53 
of applied K (mg/pot) 
400 
0 
0 
11115 
(4.5) 
9819.5 
(9.7) 
52 
800 
0 
0 
12618 
(6.3) 
9316 
(5.9) 
55 
Mean 
0 
0 
124 
89 
CD Inoculation =12 K levels = NS Interaction = NS 
(Data in parentheses represents co-efficient of variation and x value = Standard de\ lation) 
Gm-Glomus mosseae and Mi- Meloidogyne incognita 
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EXPERIMENT-IVD 
RESULTS 
Growth characteristics 
Plant length 
The data given in table 52 show that, significant increase in shoot 
length occurred in plants inoculated with G. mosseae compared to control. 
M. incognita, on the other hand, significantly reduced the shoot length. 
Combined inoculation with G. mosseae and M. incognita yielded 
significantly better shoot length compared to M. incognita alone. The 
nitrogen (N), phosphorus (P) or potassium (K) significantly improved the 
shoot length compared to control. The N+K and P+K treatments, yielded 
almost equal amount of shoot length and were significantly superior to the 
ones supplied with single fertilizer. All the three fertilizers in combination 
(NPK) supported the best shoot length. The addition of any one or more in 
combination did not improve the shoot length in the plants inoculated with 
M. incognita. But a better shoot length was observed in the plants 
inoculated with G. mosseae irrespective of the presence of M. incognita and 
in control plants. 
M. incognita significantly reduced root length. G. mosseae improved 
the same irrespective of the presence or absence of M. incognita lo a 
significant level compared to control. Higher root length, compared to 
control, was observed in all the plants supplied with combined fertilizer 
treatments (N+P, N+K, P+K and N+P+K). The fertilizer combinations also 
supported a significantly higher root length than ones amended with a single 
fertilizer (Table 52). 
Plant fresh weight 
Maximum improvement in shoot, root and total fresh weights was 
observed in the plants inoculated with G. mosseae followed by G. mosseae 
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plus M. incognita inoculated plants. M. incognita alone caused significant 
reduction in the fresh weights (Table 53). 
The three fertilizers together caused a greatest increase in fresh 
weight of both root and shoot and thereby the total fresh weight of the 
plants. Application of any two fertilizers (N+P, N+K and P+K) yielded a 
better amount of shoot, root and total plant fresh weight compared to their 
individual application (Figure 4a). There was no significant difference in 
the fresh weight of plant parts inoculated with AM fungus and root-knot 
nematode at the different fertilizer treatment. Interaction was found to be 
non-significant (Table 53). 
Plant dry weight 
The shoot, root and total plant dry weights followed the same trend as 
that of plant fresh weights (Table 54). 
Nutrient status 
In general the N, P and K contents of the plant was reduced by M. 
incognita (Figure 4b). Inoculation by G. mosseae with or without M. 
incognita caused significant improvement in the P and K content of the 
plants. The extent of promotion in N content of the plants inoculated with 
G. mosseae did not differ significantly from the control (Table 55). A 
particular nutrient content in the plant increased when that nutrient was 
included in the fertilizers schedule. N contents increased in the plants 
supplied with nitrogen fertilizers alone or in combination with N+P, N^K 
and N+P+K treatment, in comparison to control. The P content of the plants 
was significantly improved in the treatments, amended with phosphorus 
fertilizer alone or in combination with N+P, P+K, and N+P+K treatments 
compared to control. Higher K content in comparison to control was 
recorded in the treatments with potash fertilizer alone or in combination 
with others (N+K, P+K and N+P+K) (Table 55). 
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A = MI B = Control C = GM D = GM+MI 
1- ControlB 2-N @ 3 - P B 4 - K H l s - N P 
6 - NK ^ 7 - PK 1 0 8 - NPK 
Figure 4a Effect of N, P, K, G. mosseae and root-knot nematode M incognila on plant 
length fresh and dry weights of tomato 
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Figure 4b Effect of N, P, K, G. masseae and root-knot nematode M. incognita on N, P 
and K content of tomato plant. 
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Mycorrhization 
M. incognita caused significant reduction in arbuscules (%) and 
number of chlamydospores. Its effect on external and internal root 
colonization and number of spores recovered from rhizosphere soil was not 
significant (Figure 4c). 
Both external root colonization percentage and chlamydospore 
number were significantly increased when all the three fertilizers (N+P+K) 
were applied to the soil compared to those treatments where any two 
fertilizers was applied in combination (N+P, N+K and P+K). Any two 
fertilizers tended to increase the external colonization as well as the 
chlamydospore number. Application of phosphorus yielded better results 
compared to N and K. Internal colonization arbuscules (%) and number of 
chlamydospores were increased by those treatments where phosphorus was 
applied alone or in combination with N and K (N+P, P+K, N+P+K) 
compared to those treatments where P was not included. In general, P 
fertilization improved the mycorrhization by G. mosseae and its 
proliferation in the root (Table 56). 
Root-knot disease 
All the root-knot disease parameters studied were affected by the 
inoculation with G. mosseae. Maximum reductions in the root and soil 
populations of the nematode, egg mass production, fecundity and root 
galling were observed when all the three fertilizers were used in 
combination (N+P+K) (Figure 4d). Application of any one fertilizer did not 
have much effect on the root-knot disease parameters compared to control 
(Table 57). 
Morphometric studies 
All the morphometric parameters were significantly reduced by 
inoculation with G. mosseae. Application of all the three fertilizers reduced 
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Table 56. Effect of N, P and K fertilizers on mycorrhization by G. mosseae in G. 
mosseae and M incognita inoculated tomato plants 
Inoculation 
treatment Control 
Control 
Gm 
Mi 
Gm + Mi 
Mean 
Control 
Gm 
Mi 
Gm + Mi 
Mean 
Control 
Gm 
Mi 
Gm + Mi 
Mean 
Control 
Gm 
Mi 
Gm + Mi 
Mean 
Control 
Gm 
Mi 
Gm + Mi 
Mean 
0 
73 
0 
65 
35 
0 
56 
0 
52 
27 
0 
47 
0 
36 
21 
0 
46 
0 
39 
22 
0 
946 
0 
812 
440 
A 
N 
0 
69 
0 
63 
33 
B-
. 0 
63 
0 
60 
31 
0 
51 
0 
46 
25 
- External colonization (*/•) 
P 
0 
79 
0 
80 
40 
Fertilizer treatments 
K 
0 
73 
0 
71 
36 
NP 
0 
82 
0 
84 
42 
NK 
0 
75 
0 
70 
37 
- Internal colonization (%) 
0 
74 
0 
70 
36 
0 
61 
0 
63 
31 
0 
74 
0 
69 
36 
C - Per cent arbnscules 
0 
63 
0 
60 
31 
D - Number of 
0 
51 
0 
47 
25 
0 
62 
0 
57 
30 
0 
49 
0 
46 
24 
0 
61 
0 
62 
31 
0 
70 
0 
71 
36 
0 
54 
0 
50 
26 
chlamydospore/cm root 
0 
54 
0 
55 
28 
0 
64 
0 
61 
32 
0 
59 
0 
59 
30 
E - Number of chlamydospore/lOOg soil 
0 
1112 
0 
1079 
548 
Inoculation 
Fertilizers 
Interaction 
0 
1416 
0 
1456 
718 
A 
4 
5 
10 
0 
1076 
0 
1124 
550 
0 
1410 
0 
1376 
697 
CD 
B 
4 
5 
10 
3 
4 
8 
0 
1196 
0 
1211 
602 
C 
3 
5 
IC 
PK 
0 
80 
0 
82 
41 
0 
78 
0 
74 
38 
0 
65 
0 
62 
32 
0 
62 
0 
55 
30 
0 
1349 
0 
1319 
667 
D 
1 
NPK Mean 
0 
96 
0 
92 
47 
0 
84 
0 
80 
41 
0 
71 
0 
64 
34 
0 
68 
0 
63 
33 
0 
1536 
0 
1478 . 
754 
E 
38 
50 
100 
0 
78 
0 
76 
0 
70 
0 
67 
0 
58 
0 
53 
0 
58 
0 
55 
0 
1255 
0 
1232 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
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Figure 4c Effect of N, P, K, G. mosseae and root-knot nematode M incognita on 
external, internal colonization and no of chlamydospore /100 g soil 
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Table 57. Effect of N, P and K fertilizers on root-knot disease parameters in G. mosseae 
and M. incognita inoculated tomato plants 
Inoculation 
treatment Control 
Control 
Gm 
0 
0 
Mi 11468 
Gm + Mi 
Mean ' 
Control 
Gm 
Mi 
Gm + Mi 
Mean 
Control 
Gm 
Mi 
Gm + Mi 
Mean 
Control 
Gm 
Mi 
Gm + Mi 
Mean 
Control 
Gm 
Mi 
Gm + Mi 
Mean 
7468 
1734 
0 
0 
53 
16 
18 
0 
0 
65 
16 
21 
0 
0 
104 
93 
50 
0 
0 
74 
29 
26 
A-
N 
0 
0 
9649 
5696 
3837 
B -
0 
0 
49 
11 
15 
- Nematode population in 
P 
0 
0 
10469 
5529 
4000 
soil 
Fertilizer treatments 
K 
0 
0 
9746 
5619 
3842 
NF 
0 
0 
9468 
5148 
3654 
Nematode population/g 
0 
0 
50 
18 
17 
0 
0 
43 
11 
14 
0 
0 
46 
8 
14 
NK 
0 
0 
7698 
3962 
2915 
root 
0 
0 
35 
7 
11 
C - Number of egg masses/root system 
0 
0 
49 
15 
16 
D 
0 
0 
96 
87 
46 
E -
0 
0 
69 
18 
22 
Inoculation 
Fertilizers 
Interaction 
0 
0 
63 
19 
21 
0 
0 
51 
14 
17 
0 
0 
45 
9 
14 
0 
0 
33 
5 
10 
- Number of eggs/egg mass 
0 
0 
102 
91 
49 
0 
0 
90 
92 
46 
0 
0 
93 
87 
45 
0 
0 
97 
90 
47 
Number of galls/root system 
0 
0 
70 
17 
22 
A 
216 
306 
712 
0 
0 
65 
15 
20 
] 
1 
1 
3 
0 
0 
64 
19 
21 
CD 
B 
2 
3 
6 
0 
0 
56 
14 
18 
C 
3 
5 
PK 
0 
0 
8692 
4298 
3248 
0 
0 
41 
11 
13 
0 
0 
50 
10 
15 
0 
0 
83 
74 
40 
0 
0 
60 
20 
20 
D 
10 
NPK Mean 
0 
0 
6432 
3216 
2412 
0 
0 
33 
5 
10 
0 
0 
30 
8 
10 
0 
0 
79 
68 
37 
0 
• 0 
51 
11 
16 
E 
1 
2 
4 
0 
0 
9202 
5117 
0 
0 
44 
11 
0 
0 
48 
12 
0 
0 
93 
85 
0 
0 
64 
18 
Gm = Glomus mosseae; Mi = Meloidogyne incognita 
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the body length and width and the neck length of the females (Figure 4e). 
All the other parameters were found to be unaffected by the fertilizer 
application (Tables 58 and 59). 
DISCUSSION 
Mycorrhizal fungi produce beneficial effects on several species of 
host plants (Atilano et al, 1981; Daft and Nicholson, 1972; Kleinschmidt 
and Gerdemaim, 1972 and Heald et al, 1989). In the present study. Glomus 
mosseae has been found to improve significantly the growth performance of 
tomato by over coming the adverse effects of Meloidogyne incognita. 
Growth promotion by G. mosseae may be related to improved nutrient status 
of the mycorrhizal plants. The improved nutritional gradient in the 
mycorrhizal roots has been ascribed to confer tolerance/resistance to soil 
borne pathogen (Atilano et al.. 1981; Cason et al., 1983; Roncadori and 
Hussey, 1977). The findings in the present investigation also indicate that 
the AM fungus can cause several detrimental effects such as suppression in 
nematode population, egg mass production and root galling as well as 
changes in the morphometric characters of M. incognita females. AM fungi 
has been shown to produce antagonistic effects on the population of plant 
parasitic nematodes (Bagyaraj et al., 1979; Saleh and Sikora, 1984; Cooper 
and Grandison, 1986; Sitaramaiah and Sikora, 1982; Carling et al., 1989; 
Sivaprasad et al., 1990; Rao et al., 1992; Sankaranarayanan and 
Sundarababu, 1994). Mycorrhizal fungi render susceptible plants some 
degree of tolerance against the plant parasitic nematodes when applied and 
prove to be very profitable in limiting crop losses due to these pathogens 
(Mittal et al, 1991). In the present study, G. mosseae has been found to 
cause nullifying effect on the root-knot disease and offset the damage caused 
by the nematode on tomato plants. The effect is possibly due to increased 
host vigour rather than the antagonistic physiological effects (Roncadori and 
Hussey, 1977). It has been reported that in grapes, interaction between M. 
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arenaria and G. fasciculatum stimulated growth of the host plants in dual 
inoculated plants than in nematode infested plants (Atilano et al, 1976). 
Similar results were reported in oats (Sikora and Schoenbeck, 1975), peach 
(Strobel et al, 1982) peanut (Hussey and Roncadori, 1982) soybean (Kellam 
and Schenck, 1980) tobacco (Fox and Spasoff, 1972) and tomato (Sikora and 
Schoenbeck, 1975). 
In first trial of the present study it was found that tomato plants were 
apparently dependent on mycorrhizal fungus for optimum growth, 
particularly when nitrogen is not amended in the soil or it is deficient. 
Application of nitrogen improved the growth (shoot, root and total length, 
fresh and dry weight), when the soil is amended with 600 to 1200 mg N/Kg 
of soil. Nitrogen requirement in mycorrhizal plants, irrespective of 
nematode inoculation, was considerably reduced (300 mg/Kg soil) to support 
the optimum increase in all the growth parameters. Brown et al (1981) in a 
similar study reported that in sweet gum potted seedlings raised in 
fumigated soil and inoculated with G. etunicatum the nitrogen requirement 
has been reduced to 560 kg N/ha from 2240 kg/ha to produce the optimal 
growth performance. Pereira et al (1996) also recorded that the trees of 
Sema muttijuga, S. macrantheram, Melia azedarach and Jacaranda 
mimosifolia, inoculated with G. etunicatum and Gigaspora margarita, 
responded positively to the supply of nitrogen. 
The application of nitrogen levels improved the nutrient status (N,P 
and K content) of the tomato plants in the present study. N contents 
improved significantly with increasing levels of N from 300 to 1200 mg/Kg 
soil, whereas the P and K contents was enhanced significantly only in plants 
supplied with the highest dose of N (1200 mg/Kg soil). Mycorrhization 
(both external and internal colonization, per cent arbuscules, and 
sporulation) has also been found to enhance by the N fertilizer levels along 
with G. mosseae. Brown et al (1981) reported that 280 and 560 kg N/ha 
produced the highest percentage of mycorrhizal roots and also the highest 
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intensities of infection per infected root segment. Hayman (1982) on the 
other hand showed that high rates of N fertilizers inhibited AM fungi. 
Thompson (1986) using multiple regression found that colonization of maize 
and wheat roots with Glomus spp. positively correlate with nitrogen 
concentration of roots and negatively relate to P concentration. 
Colonization of lettuce roots has also been found to increase with high 
nitrogen and lower P concentrations in roots (Hepper, 1983). The improved 
growth and nutrient status particularly N and P in both mycorrhizal and non-
mycorrhizal plants obtained in present study have also been observed in 
other plants by number of workers (Vaast and Zaroski, 1991; Sheoran et ai, 
1991 and Panels and Read, 1988) 
Appreciable improvement in the plant vigour may possibily be due to 
the increased nutrient status, enzymes and the mycorrhization efficiency of 
the plant. The decrease in root exudation having reducing sugars and 
soluble amino acids, has been associated with small increase in tissue P 
concentration (Ratnayake et al., 1978). Reeves (1987) suggested that P:N 
ratios of tissue are indicative of how well an organism function in 
environment and severe N:P imbalance may affect rootrshoot ratios (Russel, 
1977). This results in partitioning of metabolites between roots and shoots 
that could also affect root exudation. Azcon et al., (1996) have reported that 
with NO3 fertilizer, Glomus fasciculatum colonized plant show increased 
growth, nitrate reductase activity and protein contents. Hepper (1983) 
demonstrated that increased application of NOj' increased levels of root 
colonization. Smith et al. (1986) obtained the maximum root colonization 
by mycorrhizal fungi in onion at a tissue P:N ratio of 0.13 and the minimum 
at 0.05. At given levels of N, the root-knot disease caused by the M. 
incognita has been suppressed in both mycorrhizal and non-mycorrhizal 
plants. Nematode population in both root and soil, root galling and 
fecundity of the nematode significantly declined by the different N levels. 
Effect on the nematode population and root-knot galls and fecundity can be 
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attributed to the nematicidal potential of nitrogenous fertilizers (Rodriguez 
kabana et al, 1981, 1982; Singh and Sitaramaiah, 1967; Sitaramaiah and 
Singh, 1969). In fact ammonical nitrogen has been reported detrimental to 
the nematodes (Badra and Khatttab, 1980; Upadyaya, 1969; Akther et al. 
1998). 
In the second experiment conducted under N and K limiting 
conditions, it has been found that plants supplied with three levels of 
phosphorus (single super phosphate) showed best growth (root, shoot and 
total length, fresh and dry weight) in soil with 250 and 500 mg P per kg of 
soil/pot, but in mycorrhizal plants P requirement was brought down to 125 
mg for the optimum growth. AM fungus, thus, enhanced the P utilization 
efficiency of plants. Similar results have been obtained in other crop plants 
(Ross, 1971; Tang and Chang, 1986; Smith and Kaplan, 1988; Amijee et a/., 
1989; Burrows et al, 1990; Azcon and Barea, 1992; Virant-klun and 
Gogala, 1995). Mycorrhizae increase the fertilizer use efficiency and 
percentage P derived from fertilizer (Dhinakaran and Savithri, 1997). 
Gardiner and Christensen (1991) observed a high growth of pear seedlings in 
the plants inoculated with Glomus deserticola. In soybean, Carling et al 
(1989) has seen that the maximum yield occurring at P fertility rates of 50-
150 mg/Kg soil irrespective of the fact that plants are inoculated with AM 
fungus or M. incognita or with both simultaneously. The beneficial effects 
of the P fertilizers have been found to be highly obvious in low P amended 
soils (Schubert and Hayman, 1986; Maksoud et al, 1994; Kshiragar et al, 
1994; Miller et al, 1986; Crush, 1995; Singh, 1996 and Ibijbijem et al, 
1996). Stylosanthes sp. grown at normal rates in soil containing as little as 3 
ppm available P when they are mycorrhizal (Hayman, 1982). In case of 
citrus, Menge et al (1978) have found mycorrhizal fungi to substitute for up 
to 56 ppm phosphorus (100 lb/acre) in green house culture of Troyber 
citrange and 278 ppm (500 lb/acre) for Brazilian sour orange. Stylosanthes 
and citrus (Hayman, 1982) have been found to demonstrate an almost 
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obligate dependence on AM fungi, especially at lower levels of P 
availability. Graham and Timmer (1985) have also found that growth of the 
mycorrhizal plants exceed that of non-mycorrhizal ones provided with 
increasing level of soluble phosphorus. Inoculation of AM fungi or the 
application of phosphorus fertilizers and a combination of them, generally 
stimulate plant growth characters, leaf number and dry matter accumulation 
(El Maksoud et al., 1988). Addition of P to non-mycorrhizal plants has 
little effect compared to the mycorrhizal plants (Price et al., 1989). 
In the present investigation phosphorus content was enhanced by the 
P fertilizers while nitrogen and potassium contents were not significantly 
influenced, in the non-mycorrhizal plants. Inoculation of M. incognita 
deleteriously affected the nutrient contents of the host plants. Inoculation 
of G. mosseae, on the other hand improved the nutrient status in both 
nematode infested and uninfested tomato plants. At a given P level, M. 
incognita had no influence on the mycorrhization of G. mosseae (Jaizme-
vega et al.., 1997). In the soil with different P levels, mycorrhizal infection 
efficiency of the G. mosseae increased as the P levels increase from 0 to 500 
mg/Kg soil. The external percentage colonization and sporulation increased 
to the maximum with 250 mg P/Kg of soil. Several workers have reported 
increased nutrient contents and mycorrhizal colonization, and improved 
vigour by the P fertilizer application in the plants (Ross, 1971; Gruhn et al., 
1987; Lamar and Cavey 1988; Smith and Kaplan, 1988 Rathore and Singh, 
1995; and Arafat et al., 1995). 
The present finding on the increase in the intensity of mycorrhizal 
infection and sporulation by G. mosseae when P levels are provided at lower 
levels of P confirm the earlier findings that addition of phosphatic fertilizer 
to the soil very low in phosphate can increase per cent colonization of root 
system possibly, through direct effect on AM fungus (Bolan et al., 1984) 
and host-parasite relationship. 
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The improvement in plant growth may be possibly, due to the 
increased mycorrhizal root colonization of G. mosseae and nutrient status 
particularly P by the P fertility levels. The P status of the plants strongly 
affects AM fungal colonization and spore production. This intum, 
determines cell membrane permeability and root exudation of carbohydrates 
and amino acids available to metabolites to the fungus (Graham et al., 
1981). Tawarays (1996) also found that addition of P to the host plant 
influenced the composition of the root exudate and thereby the hyphal 
growth of AM fungi. 
The physiological and biochemical basis for the improvement of the 
AMF colonization is not well understood. Menge et al. (1978) recorded that 
concentration of P in the plant tissue was responsible for inhibition of 
mycorrhizal colonization and sporulation. But Outlay and Dandurand 
(1989) refuted this idea by the observation that the reduction in mycorrhizae 
at the highest P levels of extractable soil P apparently was not critical to 
either P uptake or dry matter production. In the present study, amendment 
of the soil with P levels had no effect on the nematode population in soil and 
root, egg mass production but caused stimulatory effect on the fecundity of 
nematode and reduced the root galling. Tylka et al. (1991) reported that 
phosphorus levels had no effect on soybean cyst nematode Heterodera 
glycine. In cotton, Smith et al. (1986) noted that phosphorus fertilization 
increases yield losses due to M. incognita, increased nematode inoculum 
densities and nematode juveniles penetrating seedling root. In the present 
study it has been noted that G. mosseae caused significant reduction in the 
nematode population both in root and soil, egg mass production, fecundity, 
root galling and morphometric parameters of M incognita regardless of P 
levels. Similar results have been obtained earlier (Cooper and Grandison, 
1986; Grandison and Cooper, 1986; Smith and Kaplan, 1988; Carling et a/., 
1989; Price et a/., 1989; Krislma Prasad,1991 and Jaizme-vega et al., 1997). 
The increase in the fecundity of the nematode by P fertilizers is the 
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reminiscent of the earlier findings of Smith et al. (1986) and Cooper and 
Grandison (1987). Carling et al. (1996) noted that growth and yield of 
groundnut plants were generally stimulated by AMF development and 
growth was suppressed by Meloidogyne arenaria at 0 and 125 Xg/g P level, 
regardless of inoculation of AMF. AMF increased the tolerance of 
groundnut plant to nematode and offset the growth reduction caused by M. 
arenaria at the two lower P levels (0, 25 A,g/g soil) Tomato plant was 
benefited from the mycorrhizal association at low levels of available P in 
sterilized soil. Elwan (1993) has also observed increased root surface and 
transpiration rate in P fertilized mycorrhizal plants. Efficiency of AM fungi 
though is largely under the influence of edaphic factors and different sources 
of phosphorus (Murdoch et al., 1967), mycorrhizal benefits in terms of 
phosphorus substitute is perhaps also dependent on plant species and the 
cultivar (Menge et al., 1978). 
In third experiment, under N and P limiting conditions, addition of K 
levels has increased all considered parameters of plant growth as K 
application was increased from 200 to 800 mg/Kg soil level. In G. mosseae 
inoculated plants the requirement of potassium has been reduced to 200 
mg/Kg of soil compared to control which required 400 mg K\kg soil for 
optimum plant growth. K fertilizer improved K content of the plants, 
however, N and P contents, mycorrhizal - root colonization and sporulation, 
root-knot disease and morphometric characters of the nematode were not 
influenced by the K application. G. mosseae improved the P contents of the 
plants, and reduced the root-knot disease development and morphometric 
characters of M. incognita females. Application of K fertilizer further 
helped G. mosseae to minimize the suppressive effect of the root-knot 
nematode. The growth stimulation by the potash fertilizer in both 
mycorrhizal and non-mycorrhizal plants may be due to the fact that 
potassium is utilized by the host as it has major role in the functioning of 
various enzymes systems. In light of this observation it can be summarized 
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that with the K addition, neither the host-endophyte relationship is changed 
nor the nematode multiplication is influenced. But the damage caused by 
the nematode can be reduced to some extent by promoting the plant growth. 
In the last experiment, with selected doses of N P and K fertilizers 
applied alone and in combination, the best plant growth has been observed 
when complete fertilizers (N+P+K) were used, followed by the treatments 
where any two fertilizers were employed. The response of the fertilizers was 
not very effective in M. incognita infected plants. But the plants used the 
fertilizers efficiently when inoculated with G. mosseae and reduced the 
damage caused by M. incognita to large extent. In Liquidambar styraciflua 
(Sweet gum) seedlings, Schultz et a/.(1979) have observed that with the 
inoculation of a mixture of Glomus mosseae and G. eutinicatum, seedlings 
have developed significantly higher biomass, height and stem diameter at 
each fertilizer level than non-mycorrhizal plants. Significant difference in 
growth occurs between families in mycorrhizal plants. 
Nutrient status (per cent N, P and K content) of the plants has been 
found to be reduced due to M. incognita infection while G. mosseae 
improved the NPK contents to a significant level. A particular nutrient 
content in plants increases when that nutrient is added with fertilizer dosage. 
Macgado et al. (1988) have also reported that fertilizer treatment (NPK) 
increased nitrogen, calcium and sulphur contents in the shoot of Eucalyptus 
citriodora raised from seeds in nursery beds inoculated with Paspalum 
notatum root inoculum of a wild fungus and with Glomus mosseae colonized 
roots of Oryza sativa. 
The arbuscules per cent and number of chlamydospore/cm root length 
have been found to be reduced in the presence of M. incognita, while the 
other mycorrhization parameters are not significantly affected by the 
nematode. External colonization of roots and sporulation have been more 
when all the three fertilizers together were used in both nematode-inoculated 
or uninoculated plants, followed by the application of any two fertilizers. In 
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general P fertilizer improved the proliferation and development of AM fungi 
more than N and K, as evident by the greater mycorrhizal root colonization 
and sporulation in all those treatments where P was included in fertilizer 
dose. The best indicator for identifying a soil that will provide good 
colonization appears to be the percentage of P in plants at the time of AM 
colonization (Jasper et al., 1979). In a similar study, Sreenivasa and 
Bagyaraj (1989) have observed that rock phosphate applied at 100 ppm P 
level resulted in more infective propagules of Glomus fasciculatum 
compared to bone meal and superphosphate fertilizers (Clarke and Mosse, 
1981). The long term application of superphosphate fertilizer (15 years of 
150 kg p/ha/yr.) enhanced the population of arbuscular mycorrhizal 
endophytes (Portor et al., 1978). Contrary to the above, it has been found 
that irrespective of P levels the AM fungi did not differ significantly in their 
capacity to infect the roots (Weber and Amorim, 1994; Fay et al. 1996). 
The percentage of mycorrhizal infection and number of hyphal entry points 
increased with increasing level of N and P fertilization upto 40 mg N/Kg of 
soil + 60 mg P/Kg of soil in sunflower plants (Mehrotra and Baijal, 1994). 
The mycorrhizal colonization increased with increase in shoot P:N ratio 
(Mehrotra and Baijal, 1994). 
Hepper (1983) reported increased colonization by Glomus mosseae in 
lettuce roots at three P level, with increasing NO3 concentrations. In the 
present study disease development and morphometries of M. incognita 
females were significantly reduced by AM fungus. The addition of all the 
three fertilizers reduced the root-knot disease, body length and width and 
neck length of the Af. incognita females. Due to interaction, the adverse 
effect of the nematode has been reduced and the plant growth and nutrient 
status got improved. Reduction in the nematode population in the higher 
doses of urea has been observed by Miller (1968), Singh and Sitaramaiah 
(1971), Sinclair (1975) and Akther et al. (1998). However, the results are at 
variance with those of Ross (1959) on Heterodera glycine, who reported an 
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increase in the nematode population with increasing dosage of nitrogen. The 
adverse effect of urea on nematode might be due to toxicity of ammonium 
ions released during degradation (Eno et al, 1955; Oteifa, 1955 and Vasallo, 
1967) and partly due to the formation of some complex with certain soil 
components (Norton, 1978). Increased dosage of potassium fertilizers has 
been found to overcome the damaging effect of M. incognita on limabean 
(Oteifa, 1952). In a recent study, Ahmed et al. (1991) has reported that all 
fertilizers reduce the nematode population except potassium sulphate in 
which the population reduction is evident at the higher dose (200 g/pot). 
Khan and Khan (1995) also found that application of double dose of NPK 
fertilizers showed great improvement in plant growth when infected with 
either M incognita / Fusarium solani. An increase in N reduces the 
reproduction factor and the number of nematode galls, whereas increase in 
the dose of either P or K enhanced the reproduction factor and galls of M. 
incognita. 
Concentration of N, P and K fertilizers at the 'critical level' did not 
affect the response of tomato plants to AM fungus, possibly because AM 
fungus absorb N, P and K from the same labile pool as the root. Similar 
observations have been made by Koide (1985) to the effect that even low 
soil P concentrations do not sometimes enhance the growth of mycorrhizal 
plants. 
Plants infected with AM fungus contained in general, higher N, P and 
K at the different doses of N, P and K fertilizer alone and in combination, 
which indicates the involvement of AM fungi in improving the nutrient (N, 
P and K) uptake. The improved nutrient status in plants indicates that 
mycorrhizal infection by G. mosseae increases with increase in the nutrient 
uptake in the plants. Smith (1986) has also observed the maximum root 
colonization by AM fungi in onion root at higher P:N ratio(0.13) and the 
minimum at lower P:N ratio (0.05). In the present study, the mycorrhizal 
colonization of roots (external as well as internal) and sporulation of AM 
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fungi in soil have not been affected by the nematode. The presence of AM 
fungi in the plant roots may result in an alteration in root exudates (Graham 
et ai, 1981). Mycorrhiza induced reduction in root exudation has been 
correlated with the reduction of soil borne diseases by Graham and Menge 
(1982). Schoenbeck (1979) postulated that AM fungi indirectly induce 
changes in host tissue. They stimulate lignification or development of 
callosities or lignitubers in the host cells and thus create a physical carrier to 
check penetration of the pathogen. The increase in amino acid (Baltruschat 
and Schoenbeck, 1972 a, b), sugars (Safir, 1968) phenolic compounds 
(Dehne and Schoenbeck, 1979; Krishna and Bagyaraj, 1983) and enzyme 
activity (Dehne et al, 1978) in the roots of mycorrhizal plants have been 
observed and interpreted as the possible reasons for checking of disease 
development on mycorrhizal plants. Enhancement of the plant tolerance 
also seems to be the most likely contribution of AM fungi towards nullifying 
the damage caused by nematodes, as has been demonstrated in cotton by 
Roncadori and Hussey (1977). Tolerance may be the principle type of 
protection, mycorrhizal fungi offer to plants against plant parasitic 
nematodes, primarily by stimulating plant growth through improved 
nutrition (Hussey and Roncadori, 1982). 
Although, the role of the N, P and K fertilizers in mycorrhizae -nematode 
interaction remains incompletely understood, the present study suggests that 
NPK fertilizers may check the root-knot disease development and affect the 
morphometry of the nematode directly or through augmentation by 
improving mycorrhizal infection in plants and this should receive due 
consideration while planning control programs against plant parasitic 
nematodes. 
SUMMARY 
The influence of arbuscular mycorrhizal fungi and N, P and K 
fertilizers on penetration, development and reproduction by Meloidogyne 
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incognita on tomato was studied in the glasshouse with the objective to 
examine colonization of Lycopersicon esculentum Mill, roots at a range of 
N, P and K levels. The following results were obtained: 
In the first experiment, conducted under P and K limiting conditions, 
all the plants grew poorly in soil not amended with N, regardless of 
mycorrhizal and nematode status. Plant growth (root, shoot and total 
lengths, fresh and dry weights) increased significantly with the addition of N 
over the control particularly at higher N levels. M. incognita significantly 
suppressed the growth of the host, G. mosseae on the other hand 
significantly increased the plant growth even in the presence of M. incognita 
compared to control. The control plants required 600 mg/Kg soil to attain 
the maximum growth, whereas in mycorrhizal plants required only 300 mg 
N/Kg soil. The interaction in this case was significant. The N, P and K 
content of the plants increased as soil N levels increased from 0 to 1200 
mg/Kg soil. The N content exhibited significant increase with N levels 
above 300 mg/Kg soil, whereas P and K contents were increased 
significantly only in 1200 mg N/Kg soil treatment. M. incognita suppressed 
P and K contents, while G. mosseae improved the same. However, nutrient 
contents in plants across different N levels were not significantly influenced 
by G. mosseae and M. incognita. G. mosseae suppressed root-knot disease 
development and morphometries of M. incognita females. The plants grown 
in a soil supplied with higher nitrogen levels (600 and 1200 mg/Kg soil) 
reduced all the considered root-knot disease parameters, except nematode 
population in soil, egg mass production and morphometries of the females. 
The interaction was found to be non significant 
In the second experiment the plant growth was significantly increased at 
125 mg P/Kg soil and above , compared to control, the maximum occurring 
at 500 mg P/Kg soil level. In the plants treated with different levels of P, the 
plant growth was enhanced in the presence of G. mosseae but M. incognita 
caused suppression. At a given P level, the requirement of P was less under 
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G. mosseae and in the combination of G. mosseae + M. incognita the 
required amount happened to be 125 mg/Kg soil. Out of the three elements 
(N, P and K), only the P content in plants increased due to P application , 
which was not significantly influenced by G. mosseae, M. incognita and 
phosphorus interaction. The rate of mycorrhization in terms of internal 
colonization percentage, number of chlamydospores in root and soil was not 
influenced by the given soil P levels whereas the external colonization 
percentage and arbuscules per cent increased at the lower level of P (125 
mg/Kg soil). Amendment of soil with P levels had no effect on the 
nematode population in soil and root and in the egg mass production by M. 
incognita. The fecundity of the nematode was significantly increased by the 
higher soil P application. The root galling was significantly reduced at 125 
mg P/Kg soil, but the root-knot disease parameters and morphometries of M 
incognita females on mycorrhizal plants was not influenced by P treatment, 
though G. mosseae suppressed all the considered root-knot disease 
parameters regardless of P levels. 
In third experiment conducted under N-P limiting condition, K 
addition increased plant growth, the maximum occurring at 800 mg K/Kg 
soil level in the control plants, however, the requirement of the K is reduced 
in the mycorrhizal plants as the growth was significantly increased at the 
lower level (200 mg/Kg soil) of K. M. incognita drastically reduced the 
plant growth parameters compared to control, while G. mosseae significantly 
increased the growth of host plants irrespective of presence or absence of M 
incognita. Application of K did not significantly affect the N and P contents 
of plant but the K content increased with the maximum at the higher levels 
of K (400 and 800 mg K/Kg soil). G. mosseae improved the P contents 
significantly compared to control and K contents comparable to M. incognita 
treatment. The mycorrhizal infection by G. mosseae, root-knot disease and 
morphometries of the M. incognita were not significantly influenced by all 
the applied K fertilizer level. 
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In the last experiment it was found that M. incognita caused 
suppression in plant growth compared to control, however, G. mossege 
irrespective of the presence or absence of M. incognita significantly 
improved it. Among the nitrogen (urea), phosphorus (single super 
phosphate) and Potassium (murate of potash) fertilizers, applied (at 
recommended dose, selected from experiments IV-A, IV-B, IV-C) singly or 
in combination showed that application of all three fertilizers in combination 
caused maximum improvement in plant growth characteristics. Application 
of any two fertilizers improved the plant growth compared to those which 
received only one fertilizer. The effect of fertilizers was more prominent in 
the mycorrhizal plants in the absence or presence of M. incognita compared 
to control. The N, P and K content of the plants were reduced by M. 
incognita while G. mosseae improved. A particular nutrient content in the 
plant increased with inclusion of that element in fertilizer dose. Inoculation 
of M. incognita caused significant reduction in arbuscules per cent and 
sporulation in soil but other mycorrhization parameters were not influenced 
significantly. Mycorrhization increased, when all the three fertilizers 
(N+P+K) were used in combination, so also in the treatments where P was 
included. 
All the root-knot disease parameters were reduced in the mycorrhizal 
plants. The maximum reduction was recorded in the root-knot disease 
development parameters by the application of all the three fertilizers in 
combination in both mycorrhizal and non-mycorrhizal plants followed by 
the treatment where both N and K were applied together. Application of 
single fertilizer did not have much effect on root-knot disease caused by M. 
incognita. Morphometric parameters showed poor performance in the 
presence of G. mosseae. The minimum body length and width and neck 
length were recorded in M. incognita females with the application of all 
three fertilizers in combination, whereas all the other parameters studied 
were found to be unaffected. 
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The present investigation reveals that N, P and K alone or in 
combination can influence the pathogenicity, host-endophyte relationship 
and alter the root-knot nematode infestation on tomato, more than G. 
mosseae. Mycorrhizal inoculation increased the plant growth and nutrient 
status particularly at the lower levels of N, P and K i.e., N=300 mg/Kg soil, 
P=125 mg/Kg soil and K = 200 mg /kg soil. The inoculation of efficient 
AM fungus would be extremely useful in lower N, P and K levels, 
particularly in P deficient soils. At combined dose of N, P and K plants 
benefited the most from mycorrhizal association and provided appreciable 
protection against root-knot disease caused by M. incognita suggesting that a 
balance between soil N, P and K level is equally important for improving 
the growth of mycorrhizal plants and providing protection against root-knot 
disease. 
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ECTlOl V 
SECTION V 
Interaction of the AM fungus, Glomus mosseae^ a biocontrol 
agent, Paecilomyces lilacinus and root-knot nematode Meloidogyne 
incognita on tomato. 
INTRODUCTION 
The activities of root or rhizosphere inhabiting AMF and sedentary 
endoparasitic nematode. A/, incognita (Kofoid and White) Chitwood, exert a 
characteristic but opposite effect upon plant health and vigour. The obligate 
symbiotic endomycorrhizae can stimulate the plant development (Rich and 
Bird, 1974), whereas the root-knot nematode is a pathogen that suppresses 
plant growth (Sasser, 1972). Several investigations have shown that AMF 
can markedly alter plant response to plant parasitic nematodes (Hussey and 
Roncadori, 1982). There is increasing evidence that under various 
environmental conditions, the adverse effect of plant parasitic nematodes 
can be partially alleviated by the presence of AM fungal association (Hussey 
and Roncadori, 1978; Sikora, 1979). On the other hand, there are many 
reports where nematode population remain unaffected (O' Bannon et al., 
1979; 0 ' Bannon and Nemec, 1979) or even stimulated under the influence 
of mycorrhizal association (Atilano et al, 1981). The beneficial effect of 
AMF on the nematode susceptible plants offset the damage caused by M. 
incognita (Hussey and Roncadori, 1982; Bagyaraj et al. 1979; Saleh and 
Sikora, 1984). Paecilomyces lilacinus (Thom.) Samson, widely distributed 
fungus is considered to be important as a biocontrol agent of root-knot and 
cyst nematodes (Jatala, 1986; Reddy and Khan, 1989; Jimenez and Gallo, 
1988; Noe and Sasser, 1995; Siddiqui and Mahmood, 1995). 
In the present study, Glomus mosseae (Nicol. and Gerd.) Gerdemann 
and Trappe, Paecilomyces lilacinus (Thom.) Samson, were used for the 
management of Meloidogyne incognita on tomato. 
209 
MATERIALS AND METHODS 
Raising and maintenance of Paecilomyces lilacinus culture 
Inoculum of Paecilomyces lilacinus was obtained from a culture 
centre of lARI, New Delhi, India. Fungal inoculum was further raised on 
Richard's liquid medium (Riker and Riker, 1936) having the following 
composition: 
Potassium nitrate lO.OOg 
Potassium dihydrogen phosphate S.OOg 
Magnesium sulphate 2.50g 
Ferric chloride 0.02g 
Sucrose SO.OOg 
Distilled water 1000.00ml 
The medium was prepared, filtered through muslin cloth and 
sterilised in an autoclave at 15 lb pressure for 15 minutes in 250 ml 
Erlenmeyer flasks each containing 80 ml of liquid medium. Small bits of 
the fungal mycelium were transferred to these conical flasks. Inoculated 
flasks were incubated at 28±2°C for about 15 days to allow fungal growth to 
be used for further studies. Pure culture was continuously maintained in the 
test tubes by reinoculation of the fungus after every 15 days. 
Preparation of P. lilacinus inoculum 
After incubating the flasks for about 15 days, the liquid medium as 
filtered through Whatman filter paper No.l, the mycelial mat washed in 
distilled water to remove the traces of medium and gently pressed between 
the folds of blotting paper to remove the excess amount of water. Inoculum 
was prepared by dissolving 100 g mycelium in 1000 ml of sterilised distilled 
water and blending it for 30 seconds in a waring blender (Stemerding, 1964). 
Thus each 10ml of this suspension contained l.Og of the fungus. 
Inoculation of P. lilacinus 
Each 10 ml of the suspension, prepared as above containing 1.0 g of 
the fungus mycelium, was used as inoculum. Preliminary experiments 
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showed that this quantity of the fungus inoculum was effective in producing 
the reasonable amount of infection and increasing growth of plant. 
Unless stated otherwise, one-week-old seedlings were inoculated with 
1.0 g fungus throughout the course of this investigation. Feeder roots of 
seedlings, just before inoculation, were exposed by carefully removing the 
top layer of soil and required quantity of fungus inoculum was poured 
uniformly all around the exposed root using a sterilised pipette. Exposed 
roots were immediately covered by levelling the soil properly. 
AM fungus, Glomus mosseae and root-knot nematode, Meloidogyne 
incognita, used as inoculants were maintained and multiplied as already 
described in section III. The inoculum of G. mosseae was raised and 
maintained on Chloris gayana (Rhode's grass). The population of G. 
mosseae in the inoculum was assessed by the most probable number method 
(Porter, 1979). Sixty grams of inoculum with soil was added around the 
seedling to inoculate 1200 infective propagules (chlamydospores) of G. 
mosseae per plant. 
For inoculation of M. incognita, after removing, the top soil layer 
around the root carefully, a suspension of 2000 freshly hatched juveniles of 
nematodes per plant was poured around the root and the soil was replaced to 
its former condition. Plant culture was processed as described earlier in 
section II. In case of control pots, a volume of water and soil equal to that 
of the inoculum suspension was applied in the same way. The treatments 
were as follows; 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Control 
M. incognita (MI) 
G. mosseae (GM) 
P.lilacinus (PL) 
(MI + GM) 
(MI + PL) 
(Gm + PL) 
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8. (MI + GM +PL) 
All treatments were tested in three different tests or inoculation sequences 
(A) G. mosseae and P.lilacinus inoculated 15 days prior to M. incognita 
(pre-inoculation). 
(B) G. mosseae and P.lilacinus inoculated simultaneously with M. incognita 
(simultaneous inoculation). 
(C) G. mosseae and P.lilacinus inoculated 15 days after inoculation of A/. 
incognita (post-inoculation). «•, ^ 
A control not treated with G. mosseae and P. lilacinus (both the biocontrol 
agents) and nematode was also included. So in total there were 24 treatments 
as given in treatment schedule (Table 60) each having five replicates. Data 
collected on all parameters as described in section III were also recorded in 
this section with the following additional parameter i.e., re-isolation of 
P.lilacinus from M. incognita females and eggs. 
Reisolation <?/P.lilacinus 
P.lilacinus was reisolated from females and eggs of M incognita to 
determine the infection of P.lilacinus on root-knot nematode. For re-
isolation, 20 females and similar number of eggs, collected from the 
treatments which received the fungus, were surface sterilised with 0.1% 
mercuric chloride for 2 minutes, washed three times in sterilised distilled 
water and placed on potato dextrose agar medium. The plates were 
incubated for 15 days at 28±2°C. Any fungus growing out from the females 
and eggs was isolated and identified. Data obtained were analysed 
statistically and critical difference were calculated at P=0.05 by the method 
already described in section III (Appendix F). 
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Table 60. Inoculation schedule (Section V) 
Inoculation Inoculation Time 
Treatments 15 days prior Simultaneous 15 days after 
Control 
Mi 
Gm 
PI 
Mi + Gm + Gm + Gm + Gm 
Mi + Pl + P1 + P1 PI 
Gm + PI 
Mi + Gm + PI + Gm+Pl + Gm+Pl + Gm+Pl 
Control = Uninoculated 
Mi = Meloidogyne incognita (2000 J2 / pot) 
Gm = Glomus mosseae (1200 spores / pot) 
PI - Paecilomyces lilacinus (1 g mycelium / pot) 
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RESULTS 
Growth characteristics 
Plant length 
Plants inoculated with Meloidogyne incognita showed significantly 
reduced shoot length, compared to control. The shoot length of plants 
treated with Glomus mosseae were greater than control. Inoculation with 
Paecilomyces lilacinus did not produce any significant effect on shoot 
length. The presence of G. mosseae either alone or in combination with P. 
lilacinus IM. incognita or both, improved shoot length compared to the other 
treatments in which G. mosseae was not included. Inoculation of G. 
mosseae prior to hi. incognita yielded a better result compared to the post-
inoculation of G. »to55eae (Table 61). 
The root length was found to be the lowest in the plants inoculated 
with M. incognita. P. lilacinus did not improve the root length. Inoculation 
with G. mosseae resulted in longer root length than that of the control as 
well as the plants inoculated with P. lilacinus alone. There was no 
significant variation in the root length between the plants inoculated with G. 
mosseae alone, combination of G. mosseae +P. lilacinus and M. incognita + 
G. mosseae +P. lilacinus. Inoculation of the plants with G. mosseae or P. 
lilacinus or both in combination prior to M. incognita inoculation was more 
effective in increasing root length compared to the plants which received the 
biological cpntrol agents IS days after nematode inoculation (Table 61). 
The total length of the plant depicted the same trend of results as in 
the case of shoot and root lengths (Table 61and figure 5a). 
Plant fresh weight 
M. incognita alone caused maximum reduction (25%) in the shoot 
fresh weight. Inoculation of P. lilacinus improved 11% of the shoot fresh 
weight. P. lilacinus alone did not improve the shoot fresh weight. The shoot 
fresh weight of the plants inoculated with G. mosseae was greater compared 
to the plants inoculated with the combination of G. mosseae + P. lilacinus or 
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inoculation of all the three organisms together. The interaction was 
significant and inoculation of biocontrol agents individually or together 
prior to nematode inoculation caused greater improvement in the shoot fresh 
weight than those inoculated 15 days after the nematode inoculation. 
The trends in effects on root fresh weight and total fresh weight were 
same as in case of shoot fresh weight (Table 62 and figure 5a). 
Plant dry weight 
The data given in table 63 show that inoculation of G. mosseae 
significantly increased shoot dry weight over the control. On the other hand, 
M. incognita caused significant reduction in shoot dry weight. The highest 
shoot dry weight (55%) was recorded in the plants inoculated with G. 
mosseae and P. lilacinus togather. Treatment with either biocontrol agent 
alone or in combination resulted in an increase in shoot dry weight of plants 
inoculated with the root-knot nematode. P. lilacinus did not cause any 
improvement in shoot dry weight as compared to control. The interaction 
effect was significant and application of biocontrol agents prior to nematode 
or simultaneously caused greater improvement in the shoot dry weight than 
biocontrol agents inoculated 15 days after root-knot nematode inoculation. 
Among the different treatments, plants which received M. incognita 
showed maximum reduction (24%) in root dry weight. Root dry weight of 
plants inoculated with P. lilacinus did not differ significantly from those of 
control. However, P. lilacinus did help to overcome the suppressive action 
of the nematode to a significant level. Inoculation of G. mosseae caused 
significant improvement in root dry weight. G. mosseae alone or in 
combination with P. lilacinus caused a significant increase in the root dry 
weight of nematode-inoculated plants. Inoculation of the biocontrol agents 
prior to inoculation with root-knot nematode or simultaneous with the 
nematode significantly increased root dry weight as compared to post-
inoculation treatment. 
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A = Post, B = Simultaneous and C = Pre inoculations treatments 
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Figure 5a Effect of pre-, post-, and simultaneous inoculation of AM fungi G. 
mosseae, biocontrol agent F. Itlacinus to that of root-knot nematode M 
incognita on plant length, "fresh weight and dry weight of tomato 
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The total dry weight exhibited almost a similar trend in results as in 
case of root dry weight (Table 63 and figure 5a). 
Nutrient status 
Nutrient status (per cent N, P and K contents) of the plants in the 
absence of G. mosseae was poor. Inoculation of G. mosseae increased to the 
maximum of N, P and K contents of the plants (Table 64). Treatment with 
G. mosseae also resulted in a significant improvement in nutrient status of 
the plants inoculated with M. incognita. All those treatments in which G. 
mosseae was inoculated along with P. lilacinus showed equal amount of 
nutrient contents, and no appreciable difference occurred as compared to 
control. Interaction effect was found to be non-significant (Figure 5b). 
Mycorrhization 
In general, external colonisation was the highest (75%)when the 
plants were inoculated with G. mosseae (Table 65). External colonisation 
was significantly reduced (61%) when M. incognita was inoculated along 
with G. mosseae or with both G. mosseae and P. lilacinus in combination 
(63%). However, no significant difference in percentage of external 
colonisation was recorded in plants inoculated with G. mosseae either alone 
or with P. lilacinus (Figure 5c). Prior inoculation of A/, incognita caus'ed 
greater reduction in external colonisation of roots compared to simultaneous 
or post-inoculation treatments. 
Internal colonisation percentage, arbuscules per cent and number of 
chlamydospores/lOOg soil also decreased in the plants inoculated with M. 
incognita, but these decreases were not significant statistically (Table 65). 
Prior inoculation of M. incognita caused significantly greater reduction in 
internal colonisation, arbuscules and number of chlamydospores in lOOg 
rhizosphere soil and 1 cm root segment compared to simultaneous or post-
inoculation treatments (Figure 5c). 
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Figure 5b Effect of pre-, post-, and simultaneous inoculation of AM fungi G. mosseae, 
biocontrol agent P. Iilaanus to that of root-knot nematode M incognita on 
N, P and K content of tomato plant 
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Table 65. Effect of pre-, post-, and simultaneous inoculation of AM fungus G. 
mosseae, biocontrol agoit P. lilacinus to that of root-knot nematode M. 
incognita on mycorrhization of G. mosseae in tomato plant 
lD*ailatioo 
time 
Pre 
Control 
0 
SimulUiicous 0 
Post 
Mean 
Pre 
0 
0 
0 
SinulUncons Q 
Post 
Mean 
Pre 
0 
0 
0 
Simultaneous Q 
Post 
Mean 
Pre 
0 
0 
0 
Simultaneous Q 
Post 
Mean 
Pre 
0 
0 
0 
Simultaneous Q 
Post 
Mean 
0 
0 
Time 
D 
-
E 
Inoculation 
Interaction 
Mi 
0 
0 
0 
0 
A - External colonization (%) 
Gm 
78 
83 
64 
75 
Inoculation treatments 
Pi 
0 
0 
0 
0 
Mi+ 
Gm 
61 
64 
59 
61 
Mi+PI 
0 
0 
0 
0 
B - Internal colonization (%) 
0 
0 
0 
0 
0 
0 
0 
0 
41 
47 
29 
39 
0 
0 
0 
0 
45 
42 
33 
40 
0 
0 
0 
0 
C - Per cent arbuscules 
46 
38 
34 
39 
0 
0 
0 
0 
39 
42 
30 
37 
0 
0 
0 
0 
Gm+ Mi-K;in+ 
PI 
79 
73 
62 
71 
39 
43 
32 
38 
44 
48 
38 
43 
- Number of chlamydospore/cm root 
0 
0 
0 
0 
34 
29 
24 
29 
0 
0 
0 
0 
29 
34 
21 
28 
0 
0 
0 
0 
- Number of chlamydospore/lOOg 
0 
0 
0 
0 
798 
816 
765 
793 
A 
3 
5 
8 
0 
0 
0 
0 
CD 
B 
4 
6 
11 
836 
789 
754 
793 
C 
3 
5 
6 
0 
0 
0 
0 
D 
4 
5 
6 
38 
36 
23 
32 
soil 
819 
773 
766 
786 
E 
18 
29 
50 
PI 
63 
66 
60 
63 
40 
37 
30 
36 
40 
43 
36 
40 
25 
28 
18 
24 
792 
831 
741 
788 
Mean 
35 
36 
31 
21 
21 
16 
21 
21 
17 
16 
16 
11 
406 
401 
378 
Mi = Meloidogyne incognita; Gm = Glomus mosseae; PI = Paecilomyces lilacinus 
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Figure 5c. Effect of pre-, post-, and simultaneous inoculation of AM fungi G. mosseae, 
biocontrol agent P. lilacimis to that of root-knot nematode M incognita on 
external, internal colonization and number of chlamydospore/lOOg soil 
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The number of chlamydospore in one cm root segment increased 
significantly when P. lilacinus was inoculated along with G. mosseae. 
There was no significant difference in number of chlamydospores/cm root 
length in plants inoculated with G. mosseae either alone or with combination 
of M. incognita plus G. mosseae and M. incognita + G. mosseae + P. 
lilacinus (Table 65). 
Root-knot disease 
Except the number of galls per root system, all other root-knot 
disease parameters were reduced when G. mosseae or P. lilacinus or both 
were inoculated prior to M incognita or simultaneously compared to ones 
inoculated 15 days after M incognita inoculation (Figure 5d). Root and soil 
populations, egg mass production, fecundity and root galling were highest in 
plants inoculated with M incognita alone. Treatment with either biocontrol 
agents or with both resulted in a significant reduction in all the root-knot 
disease parameters. Inoculation with P. lilacinus caused greater reduction in 
the nematode population in soil and the fecundity of the nematode than 
treatment with G. mosseae (Figure 5e). Whereas G. mosseae caused greater 
reduction in nematode population in roots compared to that of P. lilacinus. 
Application of both the biocontrol agents together resulted in the greatest 
reduction in population of nematodes in roots, number of egg masses and 
galls/root system than the application with single biocontrol agent. 
However, G. mosseae and P. lilacinus alone caused the same amount of 
reduction in egg mass production and root galling and did not differ to any 
significant level. The interaction was found to be non-significant (Table 
66). 
Morphometric studies 
Morphometric parameters of the M. incognita females were not 
affected significantly with the inoculation timing. Morphometric 
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Table 66. Effect of pre-, post-, and simultaneous inoculation of AM fungus G. 
mosseae, biocontrol agent P. lilacinus to that of root-knot nematode M 
incognita on root-knot disease parameters in tomato plant. 
A - Number of nematodes/1 OOg soil 
inoculation Inocuiation treatments 
time 
Pre 
Simultaneous 
Post 
Mean 
Pre 
Simultaneous 
Post 
Mean 
Pre 
Simultaneous 
Post 
Mean 
Pre 
Simultaneous 
Post 
Mean 
Pre 
Simultaneous 
Post 
Mean 
Coatrol 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Mi 
7081 
6961 
7248 
7097 
B -
164 
182 
171 
172 
Gm 
0 
0 
0 
0 
PI 
0 
0 
0 
0 
Mi+ 
Gm 
6596 
6431 
6846 
6624 
Mi+ Gm+ 
PI 
4317 
4462 
5681 
4820 
Number of nematodes/g root 
0 
0 
0 
0 
C - Number 
66 
59 
71 
65 
D 
120 
111 
131 
121 
E -
113 
108 
104 
108 
0 
0 
0 
0 
0 
0 
0 
0 
20 
19 
30 
23 
41 
35 
66 
47 
PI 
0 
0 
0 
0 
0 
0 
0 
0 
of e ^ masses/root system 
0 
0 
0 
0 
12 
14 
18 
15 
10 
11 
21 
14 
- Number of eggs/egg mass 
0 
0 
0 
0 
0 
0 
0 
0 
83 
96 
110 
96 
46 
39 
62 
49 
Number of galls/root system 
0 
0 
0 
0 
0 
0 
0 
0 
19 
16 
24 
20 
22 
20 
26 
23 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Mi-K^m 
+PI 
4162 
4238 
5372 
4591 
16 
12 
21 
16 
5 
4 
12 
7 
51 
42 
66 
53 
8 
12 
18 
13 
Mean 
2770 
2762 
3143 
30 
31 
36 
12 
11 
16 
38 
36 
46 
21 
20 
22 
CD 
Time 
Inocuiation 
Interaction 
A 
236 
378 
661 
B 
4 
6 
11 
C 
3 
5 
8 
D 
5 
8* 
14 
E 
NS 
6 
• NS 
Mi = Meloidogyne incognita; Gm = Glomus mosseae; PI = Paecilomyces lilacinus 
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Figure 5d Effect of pre-, post-, and simultaneous inoculation of AM fungi G. mosseae, 
biocontrol agent F. hlacinus to that of root-knot nematode M incognita 
on root-knot disease of tomato plant. 
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Table 67.Effect of pre-, post-, and simultaneous inoculation of AM fungus G. 
mosseae, biocontrol agent P. lilacinus to that of root-knot nematode M. 
incognita on body length and width of nematode 
Inoculation 
time 
Control 
MI 
GM 
PL 
MI+GM 
MKPL 
GM+PL 
MI+GM+PL 
Mean 
Pre 
0 
783 ±51 
(6.5) 
0 
0 
619 ±45 
(7.3) 
639 ± 27 
(4.3) 
0 
5% ±50 
(8.3) 
347 
CD Time = NS 
Control 
MI 
GM 
PL 
MI-HGM 
MI+PL 
GM+PL 
MI+GM+PL 
Mean 
0 
528 ± 48 
(9.1) 
0 
0 
316±27 
(8.6) 
302 ± 14 
(4.5) 
0 
319±13 
(4.2) 
197 
Body length (\i) 
inoculation time 
Simultaneous 
0 
804 ±94 
(11.7) 
0 
0 
598 ± 37 
(6.1) 
666 ± 75 
(11.2) 
0 
620 ±27 
(4.3) 
365 
Treatment = 
Body width (^) 
0 
543 ± 26 
(4.8) 
0 
0 
332 ± 37 
(11.0) 
308 ± 20 
(6.4) 
0 
306 ±21 
(6.8) 
199 
Post 
0 
798 ± 33 
(4.2) 
0 
0 
646 ±72 
(11.2) 
714 ±46 
(6.5) 
0 
638 ± 74 
(11.6) 
371 
Mean 
0 
795 
0 
0 
621 
673 
0 
618 
= 40 Interaction = NS 
0 
518 ±33 
(6.4) 
0 
0 
368 ± 27 
(7.3) 
328 ± 24 
(7.3) 
0 
340 ± 35 
(10.4) 
207 
0 
530 
0 
0 
339 
313 
0 
322 
CD Time = NS Treatment = 28 Interaction = NS 
Mi = Meloidogyne incognita; Gm = Glomus mosseae; PI = Paecilomyces lilacinus 
(Data in the parentheses denotes co-efficient of variation and ± value = Standard deviation) 
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Figure 5e Effect of pre-, post-, and simultaneous inoculation of AM ftingi G. mosseae, 
biocontrol agent P. lilaanus to that of root-knot nematode M incognita on 
body length, body width and fecundity of nematode. 
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Table 68. Effect of pre-, post-, and simultaneous inoculation of AM fungus G. 
mosseae, biocontrol agent P. lilacmus to that of root-knot nematode M. 
incognita on neck length and width of nematode 
Inoculation 
time 
Control 
MI 
GM 
PL 
MI+GM 
MI+PL 
GM+PL 
MI+GM+PL 
Mean 
CD 
Control 
MI 
GM 
PL 
MI+GM 
MI+PL 
GM+PL 
MI+GM+PL 
Mean 
CD 
Pre 
0 
328 ±33 
(10.3) 
0 
0 
269 ±12 
(4.5) 
253 ±18 
(7.2) 
0 
258 ±12 
(4.6) 
149 
Time = NS 
0 
132 ±8.3 
(6.3) 
0 
0 
96 ± 4.4 
(4.6) 
102 ±4.1 
(4.0) 
0 
106 ±7.4 
(7) 
58 
Time = NS 
'Neck length (|i) 
Inoculation time 
Simultaneous 
0 
340 ± 33 
(9.7) 
0 
0 
248 ± 23 
(9.4) 
256 ± 28 
(11.1) 
0 
241 ±7 
(2.9) 
150 
Treatment = 
Neck width (ji) 
0 
116±13 
(11.2) 
0 
0 
90±11.1 
(12.3) 
95 ± 6.5 
(6.8) 
0 
108 ±13.3 
(12.3) 
59 
,4 
Treatment -
Post 
0 
333 ±19 
(5.6) 
0 
0 
286 ± 32 
(11.2) 
269 ±18 
(6.9) 
0 
263 ± 23 
(8.7) 
155 
Mean 
0 
334 
0 
0 
268 
^ 9 
e 
2S4 
= 19 Interaction = NS 
0 
128 ±9.5 
(7.4) 
0 
0 
110±7 
(6.4) 
110 ±7.9 
(7.2) 
0 
119 ±7.6 
(6.4) 
64 
0 
1 ^ 
0 
99 
102 
0 
111 
= 13 Interaction = NS 
Mi = Meloidogyne incognita; Gm = Glomus mosseae; PI = Paecilomyces lilacmus 
(Data in the parentheses denotes co-efficient of vanation and ± value = Standard de\ lation) 
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Table 69. Effect of pre-, post-, and simultaneous inoculation of AM fungus G. mosseae. 
biocontrol agent P. lilacinus to that of root-knot nematode A/, incognita on stylet 
length of nematode and re-isolation of P. lilacinus from females and eggs of M 
incognita 
Inoculation 
time 
Control 
MI 
GM 
PL 
MI-KJM 
MI+PL 
GM+PL 
MI+GM+PL 
Mean 
CD 
Control 
MI 
GM 
PL 
MI-KSM 
MI+PL 
GM+PL 
MI+GM+PL 
Mean 
CD 
Control 
MI 
GM 
PL 
MI+GM 
MI+PL 
GM+PL 
MI+GM+PL 
Mean 
Pre 
0 
18.6 ±1.6 
(8.4) 
0 
0 
17.2 ±1.8 
(10.3) 
15.5 ±1.4 
(9.1) 
0 
18.5 ±1.0 
(5.6) 
5.7 
Time = NS 
Stylet length {\i) 
Inoculation time 
Simultaneous 
0 
16.2 ±1.9 
(12.0) 
0 
0 
18.9 ±1.4 
(7.3) 
19.7 ±1.3 
(6.4) 
0 
16.6 ±1.1 
(6.9) 
8.9 
Treatment = NS 
Post 
•'- 0 
19.1 ±0.7 
(3.9) 
0 
0 
16.2 ±0.7 
(4.1) 
17.3 ±1.9 
(11.2) 
0 
15.9 ±0.8 
(4.9) 
8.6 
Mean 
0 
18.0 
0 
0 
17.6 
17.5 
0 
17.0 
Interaction - NS 
Re-isolation from females (%) 
0 
0 
0 
0 
0 
43 
0 
58 
12 
Time = 2 
0 
0 
0 
0 
0 
40 
0 
53 
12 
Treatment = 3 
Re-isolation from eggs (%) 
0 
0 
0 
0 
0 
56 
0 
94 
19 
0 
0 
0 
0 
0 
49 
0 
87 
17 
0 
0 
0 
0 
0 
28 
0 
39 
8 
0 
0 
0 
0 
0 
38 
0 
50 
Interaction = 6 
0 
0 
0 
0 
0 
30 
0 
59 
11 
0 
0 
0 
0 
0 
45 
0 
80 
CD Time = 3 Treatment = 5 Interaction = 9 
Mi = Meloidogyne incognita; Gm = Glomus mosseae, PI = Paecilomyces lilacinus 
(Data in the parentheses denotes co-efficient of variation and ± value = Standard deviation) 
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measurements were greater in females where M. incognita was inoculated 
alone, except stylet length, where increase was not significant. Inoculation 
of P. lilacinus caused significant reduction in body length of the female of 
M. incognita. The body length of the nematode was further reduced 
significantly with G. mosseae or in combination with P. lilacinus (Figure 
Se). But in case of the latter the decrease was not significant, compared to 
the former. In all other morphometric parameters except stylet length, either 
biocontrol agents or both resulted in a same amount of reduction in body 
width, neck length and width of A/, incognita females. The interaction effect 
was found to be non-significant (Tables 67, 68 and 69). 
Reisolation of Paecilomyces lilacimus 
Approximately 28-43 per cent females and 30-56 per cent eggs of A/. 
incognita were parasitized. Application of P. lilacinus along with G. 
mosseae further increased the percentage of infection by P. lilacinus and 39-
58 per cent females and 59-94 per cent eggs of M incognita. Parasitism of 
the P. lilacinus was the highest (58% females and 94% eggs) when plants 
were inoculated with combination of M. incognita plus G. mosseae plus P. 
lilacinus. Significantly greater number of M. incognita females and eggs 
were parasitized by P. lilacinus when it was inoculated before or 
simultaneously compared to post-inoculation treatment (Table 69). 
DISCUSSION 
Meloidogyne incognita a widespread plant parasitic nematode, causes 
severe damage to plants, the above ground symptoms manifested by the 
infected tomato plants are similar to those appearing on any other plant with 
damaged and malfunctioning root systems. These include suppressed plant 
growth, chlorosis and reduced yield (Oteifa, 1952) 
Roots developed characteristic galls. Giant cells were formed under 
the influence of sedentary females, around their neck in the M. incognita 
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inoculated plants. The absorption and translocation of nutrients were also 
impaired in the nematode infected plants. The possible mechanisms of 
development of such symptoms have been reviewed (Myuge, 1956; Owens 
and Specht, 1966; Meon et al., 1978). Restricted water flow in infected 
plants has been observed due to the disruption and development of abnormal 
vessel elements caused by nematode (O' Bannon and Reynolds, 1965; Meon 
et al., 1978). Roots infected by Meloidogyne show reduced rate of 
photosynthesis in infected plants (Loveys and Bird, 1973). Attack of root-
knot nematodes on several crops resulting in reduction in plant growth and 
yield (Sasser, 1980; Sasser and Carter, 1982) is well established. Reduction 
in plant growth due to root-knot nematode infection is caused mainly by 
malfunctioning of roots and supply of water and nutrients to the infected 
plants, because of various anatomical and biochemical changes induced by 
the nematode. Reduced plant growth is reflected in nitrogen, phosphorus 
and potassium contents of the plants. 
Inoculation of tomato transplants with Glomus mosseae significantly 
increased plant growth and nutrient contents (N, P and K). Improved 
nutrient status viz., nitrogen, phosphorus and potassium might be the reason 
for improved plant growth characteristics in the mycorrhizal plants. 
Mycorrhizal infection can improve the phosphorus nutrition of the host, and 
absorbed phosphorus is probably converted into polyphosphate granules in 
the external hyphae (Callow et al., 1978) and passed to the arbuscules for 
transfer to the host (White and Brown, 1979). The mycelial network in 
mycorrhizal plants enables them to extract phosphorus from places beyond 
the zone of low concentration around the root (Jakobson et al.. 1992). AM 
fungi also stimulate plant uptake of zinc, copper, sulphur, potassium and 
calcium, although not as markedly as phosphorus (Cooper and Tinker, 
1978), and tap organic and inorganic phosphorus sources in soil which are 
normally unavailable to non-mycorrhizal plants (Powell, 1979). Improved 
plant growth due to mycorrhizal fungus is reflected in all the considered 
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parameters. Improved phosphorus nutrition decreased membrane 
permeability which reduces root exudation (Graham et al., 1981). 
Presence of G. mosseae adversely affected root and soil populations, 
root galling, egg mass production and fecundity of A/, incognita. Reduction 
in the root-knot disease may be possibly due to improved nutrient status of 
the plant and better plant growth may have induced resistance against 
juvenile penetration, rate of multiplication, egg mass production and gall 
formation by the nematode. In sequential inoculations. Price et al., (1989) 
also recorded significantly lower number of nematodes per gram of root in 
mycorrhizal plants with nematode than non-mycorrhizal plants, and also the 
highest levels of nitrogen, sodium, phosphorus, potassium and iron in 
mycorrhizal plants. Davis (1980) reported this type of response in his 
studies on Thielaviopsis root rot of citrus where VAM plants were larger 
than non-VAM plants unless the latter were fertilized with additional 
phosphorus. Mycorrhizal induced decrease in root exudation has been 
correlated with the reduction of soil borne diseases by Graham and Menge 
(1982). AM fungi have been known to increase tolerance towards 
nematodes (Mengel and Krikby, 1979) and reduced symptoms of nematode 
diseases (Hussey and Roncadori, 1982). Plants inoculated with G. mosseae 
15 days before M incognita showed improved plant growth and reduced 
disease severity compared to earlier establishment (post-inoculation) of the 
nematode species than mycorrhizal fungus. Root-knot disease parameters 
were also considerably suppressed when mycorrhizae and nematode were 
applied simultaneously than inoculation of G. mosseae 15 days later to M. 
incognita (post-inoculation). Probably, preoccupation of tomato transplants 
with AM fungus may cause complex physiological and biochemical changes 
in the roots, reduce the root exudation which hinders the nematode infection. 
The increase in amino acids, sugars, phenolic compounds and enzyme 
activity in the roots of mycorrhizal plants have been observed (Baltruschat 
and Schoenbeck, 1972a, b; Safir, 1968; Dehne and Schoenbeck, 1979; 
OtA 
Dehne el al, 1978). Root tissues colonized first by the AM fungi physically 
exclude a pathogen competing for the same infection site. High chitinase 
activity of the mycorrhizal tissue inhibits the growth of the pathogens 
competing for same infection site. The competition for food and space has 
also been suggested by the O'Bannon and Nemec (1979) as a possible reason 
for checking the nematode attack. Similar results were obtained earlier by 
Cooper and Grandison, (1986 and 1987), while working on tomato and 
tamirillo respectively, Mishra (1996); Sundrababu et al, (1996); Mishra and 
Shukla (1997) on tomato and Butool and Haseeb (1996) working on 
Egyptian henbane. There is an ample evidence that nematode infestation is 
checked if mycorrhizal colonisation is present before they were able to infest 
the plant than the simultaneous inoculation or nematode preceding 
mycorrhizae (Suresh and Bagyaraj, 1984; Smith et al, 1986). Smith et al 
(1986) observed that mycorrhizal effects on M incognita were more 
pronounced when cotton plants were inoculated with G. intraradices 28 days 
before the addition of the nematode. In sequential inoculation, the root-knot 
disease was suppressed by G. mosseae. Population of nematode, egg mass 
production , fecundity and root galling showed a decline in mycorrhizal 
plant compared to plants inoculated with nematode alone. Root-knot 
nematode suppressed both external and internal colonisation percentage, 
arbuscules formation and number of chlamydospores in soil and root. The 
effect of G. mosseae was more pronounced when AM fungus preceded 
nematode inoculation. These results are in agreement with Iqbal and 
Mahmood (1999) on tomato and Jain and Hasan (1988) who also reported 
low incidence of root-knot nematode in roots in some crops like gram, 
cowpea and pigeonpea. 
Sitaramaiah and Sikora (1982) observed that inoculation of tomato 
transplants or the seed bed with Glomus fasciculatum significantly reduced 
the juvenile penetration, number of eggs/egg sac and development of 
Rotylenchyulus reniformis on mycorrhizal plants when compared to control. 
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Suppressed root-knot disease and plant growth stimulation by AM fungus 
has been observed on common bean, tomato, banana, peach, cowpea and 
citrus (Sivaprasad et al.. 1990; Osman et al, 1990; Umesh et al, 1988; Jain 
and Sethi, 1988; Suresh et al.. 1985; Elliot et al, 1984; and Hussey and 
Roncadori, 1982). Mycorrhizal infection parameters were affected by M. 
incognita to a considerable extent. Reduced mycorrhizal infection and 
development in the presence of endoparasitic nematodes has also been 
recorded (Sikora and Sitaramaiah, 1995; Iqbal and Gautam, 1995; Rich and 
Bird, 1974; Bird et al. 1974; Schenck and Kinloch, 1974) on cotton, tomato 
and soybean. Root-knot disease in the present study has been affected, 
possibly by the physiological and biochemical changes associated with 
mycorrhizal colonisation of roots. The attractiveness of the root system to 
M. incognita larvae, was altered by the presence of G. mosseae which 
resulted in the inhibition of the growth of the nematode on G. mosseae 
colonised tomato roots (Sikora, 197*). This shows the AM fungi can alter 
the physiology of root and root exudation responsible for chemotactic 
attraction of the nematode (Sikora and Schoenbeck, 1975; Sikora and 
Sitaramaiah 1995; Lingaraju and Goswami, 1993; Sitaramaiah and Sikora, 
1980; Hussey and Roncadori, 1978; and Fox and Spasoff, 1972 ). 
Mycelia, arbuscules and chlamydospores of G. mosseae were often 
observed in the hypertrophied tissues of the root but no gall was observed to 
be colonised by the AM fungus, even though proximal and distal portion of 
the roots contained the mycorrhizal structures, as reported by others (Bird et 
al, 1974; Ruehle, 1973). This showed complex physiological and 
biochemical changes induced by the nematode directly or indirectly through 
host-mediated effects and resulted in a less favourable environment for AM 
fungus consequently, galls become physiologically undesirable substrate for 
mycorrhizal synthesis (Ruehle, 1973). There are also some reports that field 
observation relating to association of AM fungi to the infestation of 
endoparasitic nematodes which indicate that the populations of either 
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organism result in low population of the other (Bird et al. 1974; Rich and 
Bird, 1974; Schenck and Kinloch, 1974). 
Morphometries of the females of M. incognita were adversely 
affected by the G. mosseae. Morphometries of the females showed a 
correlation with plant growth and other considered parameters of the plant. 
Improved plant growth in mycorrhizal plants was reflected in the reduction 
of the morphometries of the female, except stylet length. Mycorrhizal 
infection in the roots might have caused stress on the development of female 
and alteration in the root physiology. This alteration may have caused 
reduction in the number of eggs laid by the females in egg mass. 
Sitaramaiah and Sikora (1982) also reported that body width of feeding 
females of R. reniformis in tomato was reduced by 9% in the mycorrhizal 
roots. Mycorrhizal plants infected with nematode showed smaller giant cells 
in the roots. Smaller giant cells and syncytia have been reported to confer 
resistance against nematodes (Trudgill and Parrot, 1969; Fassuliotis, 1970). 
Treatment with P.lilacinus improved growth of nematode-infected 
plants by reducing root-knot disease. Nematode population, egg mass 
production, fecundity and root galhng were significantly reduced, in the 
presence of P.lilacinus. Paecilomyces lilacinus parasitized the eggs and 
females of M incognita. This parasitism of P.lilacinus caused reduction in 
root-knot disease parameters, and resulting in an improved growth and 
nutrient contents of the nematode-infected plants. Parasitism of P.lilacinus 
resulted in a lowering of the root-knot disease and inoculum potential of 
nematode. Morphometries of the females of M. incognita were affected by 
P.lilacinus causing favourable effects on the plant growth. The parasitism 
of P.lilacinus may have caused reduction in the morphometries of the 
females and number of eggs laid by the females in an egg mass. The 
parasitism of P.lilacinus was observed to be initiated with the growth of 
fungus hyphae in the gelatinous matrix and hyphae penetrated the females 
through anus. P.lilacinus is known to produce P(l-3)gluconase (Domsch et 
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al.. 1980), Chitinase (Okafor, 1967) extracellularly which are the key 
enzymes in the lysis of the fungal cell wall (Mitchell and Allexander, 1963). 
These enzymes and antibiotics might also be responsible for the suppression 
in the root-knot disease development. Infection of M. incognita acrita by 
the fungus has been reported earlier (Jatala et al., 1979). The results of the 
present investigation also favourably correspond with earlier findings of 
Ginitis et al. (1983), Jimenez and Gallo (1988) and Khan and Esfahani 
(1990). Eggs of Globodera pallida on potato roots were infected and 
hatching declined due to increased infection of eggs by P. lilacinus (Jatala et 
al. 1981). 
Inoculation of P. lilacinus before M. incognita or simultaneous 
inoculation of both, biocontrol agent and pathogen was more effective in 
stimulating plant growth and reducing root-knot disease than the prior 
establishment of the M. incognita. The increase in the effectiveness of P. 
lilacinus against the M. incognita when the former is applied first can be 
attributed to the situation that fungus occupies the niche before nematode 
infection and colonizes the root rapidly thereby hindering in nematode 
establishment. Similar observation was made by Roy (1977) while working 
with golden nematode and Rhizoctonia solani Khun and Colletotrichum 
coccodes on tomato and Saikia and Roy (1994) with P. lilacinus and M. 
incognita on okra. In another study Cabanillas and Barker (1989) reported 
effective plant protection of tomato plant against M. incognita when P. 
lilacinus was applied 10 days before transplanting. P. lilacinus has been 
found to be effective in reducing populations of Meloidogyne spp., 
Globodera spp., Tylenchulus semipenetrans, Nacobbus spp., R. reniformis, 
Pratylenchus spp., Radopholus semilis and Heterodera cajani on various 
crops (Jatala, 1986; Reddy and Khan,1988; Meheshwari and Mani, 1988, 
Novaretti et al., 1986; Sosamma et al., 1994 and Siddiqui and Mahmood 
1993). 
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Combined application of G. mosseae with P. lilacinus interacted 
positively, causing greater improvement in the considered parameters of 
growth compared to individual inoculation of P. lilacinus. It appears that 
the P. lilacinus and G. mosseae in combination rendered tomato plants more 
resistant to M. incognita attack, and the combination was more beneficial for 
reducing damage caused by the root-knot nematode than their individual 
inoculations. Reproduction of M. incognita in terms of nematode population 
in roots, egg mass production and root galling was greatly suppressed when 
tomato plants were inoculated with both the biological agents together. This 
was probably due to the positive interactions of both the organisms. 
According to Al-Raddad (1995) inoculation of tomato plant with G. mosseae 
and P. lilacinus together or separately in the presence of chicken layer 
manure completely inhibited the root infection by M. javanica. Sharma and 
Trivedi (1997) observed that combined effect of the mycorrhizal fungi and 
P. lilacinus gave maximum reduction in nematode galls. In the present 
investigation, when management agents preceded root-knot nematode 
inoculation or used simultaneously with the nematode, caused greater 
reduction than the application of biological agents 15 days later than the 
root-knot nematode. This is possibly due to the fact that management agents' 
had already established themselves and proliferated the roots of the plant 
and do not provide adequate accommodation for the juvenile penetration and 
proper development of M incognita. The fungus was more effective when 
both organism were inoculated simultaneously or the fungus preceded the 
nematode in sequential inoculation (Khan and Esfahani, 1990). Dube and 
Smart (1987) found that nematode control was more effectively obtained 
when a fungus and a bacterium were applied together. Similar results were 
found in case of M incognita by Maheswari and Mani (1988) on tomato, 
Zaki and Maqbool (1992) on brinjal and mungbean, and Siddiqui and 
Mahmood (1998) on tomato. Improved plant growth in the presence of G. 
mosseae and P. lilacinus individually or in combination favourably 
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al.. 1980), Chilinase (Okafor, 1967) extracellularly which are the key 
enzymes in the lysis of the fungal cell wall (Mitchell and AUexander, 1963). 
These enzymes and antibiotics might also be responsible for the suppression 
in the root-knot disease development. Infection of M. incognita acrita by 
the fungus has been reported earlier (Jatala et al., 1979). The results of the 
present investigation also favourably correspond with earlier findings of 
Ginitis et al. (1983), Jimenez and Gallo (1988) and Khan and Esfahani 
(1990). Eggs of Globodera pallida on potato roots were infected and 
hatching declined due to increased infection of eggs by P. lilacinus (Jatala et 
al.. 1981). 
Inoculation of P. lilacinus before M. incognita or simultaneous 
inoculation of both, biocontrol agent and pathogen was more effective in 
stimulating plant growth and reducing root-knot disease than the prior 
establishment of the M. incognita. The increase in the effectiveness of P. 
lilacinus against the M. incognita when the former is applied first can be 
attributed to the situation that fungus occupies the niche before nematode 
infection and colonizes the root rapidly thereby hindering in nematode 
establishment. Similar observation was made by Roy (1977) while working 
with golden nematode and Rhizoctonia solani Khun and Colletotrichum 
coccodes on tomato and Saikia and Roy (1994) with P. lilacinus and M. 
incognita on okra. In another study Cabanillas and Barker (1989) reported 
effective plant protection of tomato plant against M. incognita when P. 
lilacinus was applied 10 days before transplanting. P. lilacinus has been 
found to be effective in reducing populations of Meloidogyne spp., 
Globodera spp., Tylenchulus semipenetrans, Nacobbus spp., R. reniformis, 
Pratylenchus spp., Radopholus semilis and Heterodera cajani on various 
crops (Jatala, 1986; Reddy and Khan,1988; Meheshwari and Mani, 1988, 
Novaretti et al., 1986; Sosamma et al, 1994 and Siddiqui and Mahmood 
1993). 
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Combined application of G. mosscae with P. lilacinus interacted 
positively, causing greater improvement in the considered parameters of 
growth compared to individual inoculation of P. lilacinus. It appears that 
the P lilacinus and G. mosseae in combination rendered tomato plants more 
resistant to M. incognita attack, and the combination was more beneficial for 
reducing damage caused by the root-knot nematode than their indiviclual 
inoculations. Reproduction of A/, incognita in terms of nematode population 
in roots, egg mass production and root galling was greatly suppressed when 
tomato plants were inoculated with both the biological agents together. This 
was probably due to» the positive interactions of both the organisms. 
According to Al-Raddad (1995) inoculation of tomato plant with G. mosseae 
and P. lilacinus together or separately in the presence of chicken layer 
manure completely inhibited the root infection by M. javanica. Sharma and 
Trivedi (1997) observed that combined effect of the mycorrhizal fungi and 
P. lilacinus gave maximum reduction in nematode galls. In the present 
investigation, when management agents preceded root-knot nematode 
inoculation or used simultaneously with the nematode, caused greater 
reduction than the application of biological agents 15 days later than the 
root-knot nematode. This is possibly due to the fact that management agents 
had already established themselves and proliferated the roots of the plant 
and do not provide adequate accommodation for the juvenile penetration and 
proper development of A/, incognita. The fungus was more effective when 
both organism were inoculated simultaneously or the fungus preceded the 
nematode in sequential inoculation (Khan and Esfahani, 1990). Dube and 
Smart (1987) found that nematode control was more effectively obtained 
when a fungus and a bacterium were applied together. Similar results were 
found in case of Af incognita by Maheswari and Mani (1988) on tomato. 
Zaki and Maqbool (1992) on brinjal and mungbean, and Siddiqui and 
Mahmood (1998) on tomato. Improved plant growth in the presence of G. 
mosseae and P. lilacinus individually or in combination favourably 
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influenced the mycorrhization by AM fungus and parasitism of eggs and 
females of M. incognita by P. lilacinus. Biological agents, on the other 
hand, caused adverse effect on the morphomertics of the females except 
sytlet length, when used separately or together against M. incognita. These 
results also compare favourably with those obtained earlier with other 
biocontrol agents by Siddiqui and Mahmood (1995b). Reduction in the 
morphometries of the females recorded in this investigation have also been 
observed by Suresh, (1980); Sitaramaiah and Sikora (1982) and Siddiqui and 
Mahmood, (1998). 
The results obtained in present study clearly indicate that the AM 
fungus, G. mosseae and a biocontrol agent P. lilacinus serve well to control 
the root-knot disease caused by M. incognita by affecting every aspect of 
nematode development and promoting the host health and vigour and thus 
proved to be a profitable approach for the management of root-knot disease. 
SUMMARY 
Arbuscular mycorrhizal fungus. Glomus mosseae and a biocontrol agent, 
Paecilomyces lilacinus were used for the management of root-knot disease 
caused by Meloidogyne incognita on tomato Lycopersicon esculentum 
(Mill.) var.Pusa Ruby. The following observations were made:-
M. incognita infected tomato plants and caused stunting and 
chlorosis. Non-mycorrhizal plants developed the symptoms earlier than 
mycorrhizal plants or the plant inoculated with P. lilacinus. 
Plant growth (shoot, root and total length, fresh and dry weights) and 
nutrient status (per cent nitrogen, phosphorus and potassium contents) 
showed an increase in the presence of G. mosseae and P. lilacinus, although 
P. lilacinus supported to a lesser extent compared to G. mosseae. 
Inoculation of plants with M. incognita suppressed the growth and nutrient 
status of the host to a considerable extent compared to control. Inoculation 
of management agents prior to nematode or simultaneous inoculation of all 
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the three organisms proved better in growth and nutrient status than those 
inoculated after root-knot nematode. Inoculation of M. incognita had a 
negative effect on mycorrhization by G. mosseae. The external and internal 
colonisation percentage, arbuscules per cent, average number of 
chlamydospores per root segment as well as the number of spores/100 g 
rhizosphere soil showed an insignificant decline. Presence of P. lilacinus 
produced favourable effect on mycorrhization effeciency when plants were 
inoculated with G. mosseae prior to M. incognita compared to those 
inoculated 15 days after the root-knot nematode establishment. Root-knot 
disease caused by M. incognita, was suppressed in the presence of AM 
fungus and a biocontrol agent. Both the management organisms i.e., G. 
mosseae and P. lilacinus caused reduction in all the morphometric 
parameters of A/, incognita females, except stylet length. P. lilacinus caused 
greater reduction in nematode population both in soil and root and fecundity 
than in the egg mass production and root galling than the former, while the 
application of both the agents simultaneously severely affected the root 
population, egg mass production and root galling by the nematode. 
Inoculation of P. lilacinus prior to M. incognita caused greater 
parasitism of females and eggs of nematode by the fungus than the 
inoculation of P. lilacinus after M. incognita. The presence of G. mosseae 
favourably increased the parasitism of M. incognita eggs and females by P. 
lilacinus. 
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